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Introduction

In the last decade the tractor with rubber belt track system had 
some popularity in Hungary. The main advantage of this 
tractors is a good combination of wheel and track type running 
gear e.g. low ground pressure, high tractive efficiency, excellent 
stability, good steering capability, on-road mobility and high 
speed range for transport.
In the last couple of years we made laboratory or/and field test 
with all Challenger tractors.
So the aim of the present project was to investigate the tractive 
performance of CASE IH 9370 Quadtrac tractor and to evaluate 
of the static and dynamic ground pressure of rubber belt type 
tractor with articulated steering system.

Methods and material

Place and time of field test:
• Dráva Ltd, Görgeteg, October, 2000.
• Tedej Ltd, Tedej, August, 2002.
Tested machine:
• CASE IH 9370 Quadtrac rubber belt tractor with articulated 

steering system.
Test sites:
• Görgeteg: sandy soil, corn stubble.
• Tedej: clayey loam soil, loosened and mulch cultivated wheat 

stubble.
The aim of field test:
• determining the effect on ground pressure of different running 

gears by penetrometer
• determining the drawbar power of CASE IH 9370 Quadtrac 

tractor.

Figure 1
Different type of rubber belt running gear 

(1-3 CAT Challenger, 4-5 John Deere, 6 CASE IH Quadtrac)

The first topic was the measuring of tractor’s axle load named 
static ground pressure on flat concrete surface at standing 
position by electronic scales (PAT SAW 10 C).

Figure 2
The weight distribution beneath the running gear

The second topic was the measuring of the effect on soil 
compaction occurs by moving tractor named dynamic ground 
pressure The soil compaction was measured 10 times repetition 
before and after of tractor passes by EJKELKAMP digital cone 
penetrometer beneath tread lugs. The second series of 
measuring were done by the same method, not only beneath 
tread lugs but beneath interlugs also.
The drawbar test of tractor was done by OECD code. Because 
of very high drawbar pull we was not able to use our standard 
„braking tractor”. For braking the test tractor we used the non -  
tested tractor with a mounted subsoiler. The HBM 200 
dynamometer was placed between the tractors by steel cable 
and was connected to test car by wire.
The measuring devices (HBM Spider, Note book etc.) are built 
in the MITSUBISHI L300 4 WD test car.

Figure 3
Drawbar test o f CASE IH 9370 Quadtrac tractor

Result and conclusions

Evaluation of field and laboratory test result of CASE IH 9370 
Quadtrac tractor the following conclusion can be drawn:
• The drawbar power efficiency was 77,3 % which is a highly 
accepted value. The pull/weight ratio at 5 % slip was 0,516 
daN/kg and at 10 % slip was 0,535 daN/kg. These advantageous 
values were getting from the good weight distribution and the 
large contact area of rubber belt running gears.
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Table 1 Result o f CASE IH 9370 Quadtrac tractor drawbar test 
Test place: Görgeteg Test site: Sandy soil, corn stubble
Speed Speed Pull Power Slip
range [km/h] [kN] fkWl [%]
4 5.7 109.0 172.6 12.0
5 6.5 105.4 190.3 8.0
6 8.0 85.6 190.2 3.0
7 8.8 77.3 188.9 2.5
8 11.6 57.5 185.2 2.1
Drawbar characteristics:
Type Weig

ht
fkgl

Slip
[%]

Pull
[kN]

Pull-Weight Ratio 
[daN/kg]

CASE IH 2017 5 104 0.516
9370
QUADTRAC

0 10 108 0.535

• The static ground pressure values getting from scaling of axle 
loads were higher than the average value (0,37 bar) counting by 
the whole contact area,
The disadvantageous weight distribution was caused on the one 
hand by the triangle shape running gears and on the other by the 
rigid intermediate roller system.

Figure 4
The weight distribution beneath the tractor

• The dynamic ground pressure distribution charts based on soil 
compaction measuring, show the following:
- the running gear system of the tractor has some advantage 

because the ground pressure values were below 3,0 MPa even 
after four passes,

- evaluating the effect of multiple passes was found that the 
first two passes occurred similar compaction and the third- 
fourth passes increased it a little bit,

Figure 5
Soil compaction after passes

- comparison the compaction effect of tread lug and inter lug 
was found a 0,2 MPa higher value beneath the tread lug,

Figure 6
Soil compaction beneath the tread lug and inter lug

- summarizing the result and experience of rubber belt running 
gear with articulated steering system we can stated that the 
drawbar efficiency of the new system is higher. The effect on 
ground pressure of the rubber belt system has two different 
cases. The average value of ground pressure counting by the 
total weight and contact area is good, but the axle load 
distribution of running gear is disadvantageous because of the 
rigid intermediate roller system.
The rigidity of this system can cause problem if the running 
gear goes up to an uneven part of the surface. The rigid rubber 
belt system occurs some problem at steering situation also. 
When the steering angle is high for example on headland the 
rubber belt makes a strong smearing effect on the soil surface. 
The rubber belt system tractors which have a special final 
drive system with differential steering has no similar problem.

Figure 7
The rigid running gear system on the obstacle

Based on the result and experiences of CASE IH 9370 Quadtrac 
rubber belt tractor we can stated that this types could be useful 
for Hungarian farmers thanks to the extremely good tractive 
capability and advantageous ground pressure values.
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INFLUENCE OF THE FRONT AXLE SPRINGING 
TO THE TRACTOR DRAWING PARAMETERS
M. Szente -  Zs. Kassai
Non-profit Co. of HIAE for QT., Gödöllő

The test conditions and method

The aim of our tests:
-  To determine the dynamic effect of front axle suspension 

upon the front axle and the whole tractor performance.
-  To evaulate the effect of the control systems integrated into 

the tractor (IMS, auto transmission, slip control)

Settings of the tractor to the drawbar tests on arable land:

Scheme of the measurement and data processing:

Data processing system

Drawbar test:
-  The drawbar pull load was increased at nearly uniform 

degrees until the slip of wheels got to 25 %
-  In each testing series, 25 to 30 measuring points
-  At each set of drawbar pull load 10 s measuring time and 

400 Hz sampling frequency
-  Rear differential lock switched on
-  Constant total weight
-  Zero point of wheel slip - the tractor speed, when the tractor 

travels without drawbar load and at 642 min'1 PTO speed at 
the given setting and operating system in four wheel drive.

-  Field: clayey-loam cowered whit wheat stubble
-  Asphalt road (self traction test)

Characteristics determined from the registered data:
- Wheel slip (%)
- Drawbar power (kW)

- Power on the drive shaft to front axle (kW)
- Power on rear wheel hubs (kW)
- Traction efficiency (%)
- Dynamic front axle load (N)
- Dynamic rear axle load (N)
- Traction coefficient (N/N)
- Rear vs. front ratio of wheel power (kW/kW)
- Gross traction ratio (N/N)
- Net traction ratio (N/N)

Tetst results

Self traction power requirement o f the tractor:

At all the three driving system in the investigated axle load and 
travel speed range:
-  The self traction power requirement is decreasing with the 

growing of the static front axle load,
-  The self traction power requirement is increasing with 

growing the travel speed.

Changing of total wheel power in four wheel drive 
operation mode
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Wheel slip in self traction operation mode o f the tractor
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The front wheel advance at different static front axle load:

Front wheel advance 
3,0 %
3,4 %
3,8 %

The partially processed data o f the drawbar test:

Static front axle load 
44,2 %
39,1 %
33,6 %

Changing of the wheel power at the maximum 
drawbar power in function of static front axle load 

(Gear: B3; Driving mode: four wheel drive)

30 32 34 36 38 40 42
_________Static front axle load (%)

44 46

-Frontwheel power 
-Total wheel power

Figure 4

-Rearwheel power
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EFFECT OF BIOLOGICAL PRESERVATIVES ON 
THE QUALITY OF SILAGE PRESERVED IN 
PLASTIC TUBE (OTKA T 030031)
Z. Bellus1 -  J. Csermely1 -  J. Schmidt2
Hungarian Institute of Agricultural Engineering, Gödöllő
2University of West Hungary, Mosonmagyaróvár

Introduction

Besides the natural ability to fermentation, the quality of silage 
is especially determined by the technical circumstances of the 
preserving procedure. The most important is the storage place, 
which has to meet a lot of conditions to produce and store silage 
and haylage of good quality with low loss. Among these 
conditions, the stimulation and sustain of anaerobic 
circumstances have to be mentioned as determinants. Further 
important condition is the quick fill of the silo with less live- 
labour. Moreover, the possibility o f the mechanical loading and 
feeding the animals with silage is also considerable factor. Next 
important parameters are the size and the location of the silo, 
which must be meet the number and place of the animals. 
Finally, the cost of the silo also has to be taken into 
consideration.
In fact, technology of preserving in plastic tube meets all of the 
above mentioned requirements. Comparing with other 
traditional technology, the best advantage of this method is that 
the anaerobic circumstances, — which highly determine the 
success of ensilage -  can be produced faster, more perfectly and 
can be kept permanently. Although this technology can be used 
with good results in the fermentation of many forage, its 
advantages can be utilised mostly in the preserving of silage 
plant with low fermentability (e.g. alfalfa).
Nevertheless, the method improves the conditions of the 
fermentation, but it has no effect on the natural fermentability of 
the silage crop. In consequence, with this technology, stable 
silage can be produced from alfalfa with low fermentability just 
in case if this natural fermentability is improved in any way.
The application of wilting or any additives, or combination of 
them, are the suitable procedures to reach the above-mentioned 
purpose. In the case of this technology, wilting is necessary not 
only for the improvement of the fermentability. It is also 
important because the intensive compression produces effluent 
from the chopped alfalfa with less than 30 % dry matter content 
during the ensilage. The effluent is harmful to the fermentation 
of the green plant in the bottom of the plastic tube and it causes 
environmental pollution too.
In the case of plastic tubes, due to the intensive compression, 
the maximum dry matter content can be higher, than 37-38 % 
content, which is recommended for other horizontal silos. The 
maximum can reach even the 43-45 % dry matter content. If the 
dry matter content is higher, the compression efficiency 
decreases during the ensiling, which is indicated by the 
reducing mass per volume.
In the case of high dry matter content, the nutrient losses 
increase in the storage yard caused by the respiration. 
Furthermore, the field losses are higher in consequence of the 
longer wilting, since the mechanical losses, the leaf-loss and the 
risk of the weather conditions also increase during the longer 
wilting on the field. These disadvantages can be avoided if the 
natural fermentability of the green alfalfa is increased by the use 
of additives, because in this case there is possibility to ensile 
green plant with lower dry matter content.
Taking the above mentioned facts into consideration, during the 
experiment the authors examined the effects of different 
additives on the quality of the alfalfa silage ensiled into plastic 
tube. The authors investigated the effects of the second- and 
third - generation biological preservatives avoiding the human 
and animal health hazard of the chemicals.

Material and method

The field tests based on the technology of preserving in plastic 
tube were executed in the farm of the Agricultural Co. of 
Dalmand in Középhidvég and in the farm of Agroproduct Co. in 
Marcalgergelyi. TAUROS T-40 and BAGGER G-7000 type 
machines were used. In the first experiment, the dry matter 
content of alfalfa was between 32,2-34,1 % in the case of both 
control silage and silage treated with additives. The next 
variation was made of green alfalfa with 45,4 % dry matter 
content due to the longer wilting and windrowing on the field.
10 % corn grit + PIONEER 1188 lyophilised lactobacteria 
culture and 5 % pre-hydrolysed corn grit + SILAFERM 
lyophilised starter culture were used as ensiling additives. The 
additives were layered on the chopped forage inside the wagon, 
and mixing was made by the ensiler machine.
In the second experiment, LALSIL and SIL ALL biological 
preservatives -  in dose of 10 g f1 -  were used to increase the 
fermentability of the green alfalfa. In the form of aqueous 
solution, preservatives were added to the chopped plant with the 
use of spray-booms fixed over the feeder. For chemical 
analyses, samples were taken from the plastic tube on the 20th, 
120th and 270th days of the fermentation and storage in 
Középhidvég and on the 96th day after the ensilage in 
Marcalgergelyi.
The examinations of fermentation dynamics were made at 
University of West Hungary (Department of Animal Nutrition, 
Faculty of Agricultural Sciences). The fermentation was 
executed in model silos with the capacity of 1 litre. 5-5 silos of 
each treatment were decomposed on the 7th, 15th, 30th and 60th 
test days. During model-tests the authors examined the effects 
of LALSIL and SIL ALL preservatives on the fermentation.
The chemical contents of the green alfalfa and silage were 
determined according to the Hungarian Feed Codex (Chapter 
5.1, 6.1., 7.1., 8.1. and 10.1.). Lactic acid and volatile fatty acid 
content of the silage samples were measured with Chrom-5 gas- 
chromatograph (resin filler: Supelco Carbopack B-DA). NH3 
content was determined with ammonia-receptive electrode 
(Radelkisz OP 242-2).

Results

The data showing the quality of silage made with carbohydrates 
and lactic acid bacteria inoculation, are in Table 1. It can be 
seen, that the quality of the silage was definitely improved by 
the use of these additives. The beneficial effect of the 
carbohydrates additive was demonstrative not only in the early 
stage of fermentation, but during the whole fennentation 
process and storage, even on the 270th day of the storage. Due to 
the fermentable carbohydrates increased by additives, the 
treated silage contained more lactic acid, than the variations, 
which were only made of wilted material without any additives. 
The improving effect of pre-hydrolysed maize additive was 
higher, than of normal maize, because the reductive sugar 
content of the pre-hydrolysed maize is significantly higher (355 
gkg'1), than the fermentable carbohydrates content of the normal 
maize (3.2 gkg'1). Silage made from alfalfa with higher dry 
matter content, had the least lactic acid concentration, because 
the water activity is disadvantageous to the bacteria producing 
lactic acid at 45% dry matter content.
After the 120th day, the lactic acid content of the silage 
decreased as a result of the secondary fermentation processes in 
all treatments. Compared the states on the 120th day, the rate of 
this reduction was the highest ( 16.2 % ) in the control silage , 
and it was the least (4,4 %) in the silage with pre-hydrolysed 
maize additive. In the case of normal maize additive, the 
reduction of the lactic acid content was 9.5 % between the 120th 
and 270th days. The lactic acid content of the silage made of 
alfalfa with high dry matter content, decreased with 9,1 %.
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Table 1. The quality o f the alfalfa silage ensiled into plastic tube

Treatmen
t

pH Lactic acid, % Acetic acid, % NH3 mg/100 g
20. 1 120. 1 270. 20. 1 120. 1 270. 20. 1 120. 1 270. 20. 1 120. 1 270.

day day day day
1. 4.20 4.38 4.51 2.06 2.72 2.28 0.53 0.61 0.82 51.11 117.88 115.80
2. 4.05 4.36 4.36 2.25 2.83 2.56 0.52 0.68 0.69 58.63 102.89 118.70
3. 3.97 4.30 4.07 2.47 3.26 3.05 0.51 0.52 0.53 35.56 96.79 90.80
4. 4.50 4.86 4.90 1.63 2.53 2.30 0.63 0.44 0.47 38.23 125.04 136.46

1. treatment: Shorter wilting
Dry matter content: 34,12 %

2. treatment: Shorter wilting + 10 % corn grit + Pioneer 1188 additive
Dry matter content: 32,58 %

3. treatment: Shorter wilting + 5 % pre-hydrolysed maize + Silaferm additive
Dry matter content: 32,17 %

4. treatment: Longer wilting
Dry matter content: 45,43 %

Opposite of the lactic acid content, the acetic acid content 
gradually increased during the fermentation and storage. The 
acetic acid content was the least in forages with high dry matter 
content due to the low water activity of the alfalfa (similarly to 
the case of decreased lactic acid content).
The lactic acid ration and acetic acid ration (% of total organic 
acid), which influences the nutritive value and palatability of 
the silage were beneficial in the case of each tested variations. 
In samples taken on the 270th day of the silage, the acetic acid 
proportion in total organic acid content was as follows: 1st 
treatment: 26.4 %; 2nd treatment: 21.2 %; 3rd treatment: 14.8 %; 
4th treatment: 17.0 %. The proportion was the best in silage 
ensiled with pre-hydrolysed maize additive and in silage made 
of alfalfa with high dry matter content. However this proportion 
is acceptable if the proportion of acetic acid is under 30 %. The 
use of pre-hydrolysed maize additive and the inoculation with 
lactic acid bacteria had beneficial effect also on the NH3 content 
of the silage. The lowest ammonia concentration was measured 
in the silage produced with this treatment on each sampling day. 
This result shows that this treatment resulted in the lowest 
protein-loss. (Figure 1.)
Results, regarding the quality of silage made with third- 
generation biological preservatives are summarised in Table 2.

Table 2. The effect o f biological preservatives on the quality o f  
wilted alfalfa silage preserved in plastic tube

Treatmen
t

pH Lactic
acid

Acetic
acid

Propionic
acid NH3

mg/100g% (in silage with the original 
dry matter content)

Control 4.42 2.66 1.33 0.02 107.92
LALSIL 4.38 2.76 0.92 n.d.* 83.55
SIL ALL 4.40 2.70 0.64 0.01 94.80
* not detectable

The authors have found that both of the examined preservatives 
improved the quality of the silages, because the preservatives 
had beneficial effect on reduction of acetic acid and NH3 
content. LALSIL additive decreased the acetic acid content of 
the silage by 30.8 %, while SIL ALL additive reduced it by 
29.3 %. Due to this fact, the proportion of acetic acid to other 
acids became more beneficial (CONTROL: 33.3 %; LALSIL: 
25.0 %; SIL-LALL: 25.8 %). The lower acetic acid content of 
silage can be explained by the inoculated homofermentative 
lactic acid bacteria culture. This culture promoted a faster 
proliferation of lactic acid producing bacteria to become 
dominating flora in early stage of fermentation. In consequence, 
it helped the early inhibition of bacteria producing acetic acid — 
firstly bacteria belonging to coli aerogenes group -  through 
competitive inhibition. Due to the lower acetic acid content, the

fermentation losses decreases. Further advantage is that the 
animals consume more of this treated silage.
As a result of the biological preservatives added to silage, the 
NH3 content decreased relatively by 22.6 % in the case of 
LALSIL, and by 12.1 % using SIL ALL comparing with the 
control silage. This was beneficial, because the NH3 content 
reduction was caused by the lower protein degradation. 
Contrary to expectations, biological preservatives -  containing 
cell wall breaking enzyme -  increased the lactic acid content of 
the silage just in a small rate. Presumably, the tested 
preservatives did not contain enough cell wall degrading 
enzyme, or the difference -  measured until the open of the silo - 
between the control and treated silage can be neglectable as a 
result of the secondary fermentation processes. Although, the 
lactic acid content of the silage treated with biological 
preservatives was higher in the early stage of fermentation.
To confirmation the above mentioned assumptions, a 
fermentation dynamics test was executed with preservatives 
examined previously in the field experiment. The results of this 
test are shown in Table 3. During the whole fermentation 
process, according to the results, quality of the silage treated 
with biological preservatives was higher compared to the 
control silage. This statement is admitted by the higher lactic 
acid content, the lower acetic acid content -  more beneficial 
proportion of lactic acid to acetic acid - , and the lower pH of 
the investigated silage. Besides this, the stability of the tested 
silage was better, than of the control silage. It was confirmed by 
the lower propionic acid content of the treated silage. As the 
effect of biological preservatives, the silage did not contain any 
butyric acid even on the 120th day after the ensilage.
The effect of SIL ALL on quality of the silage was slightly 
better than the effect of the other biological preservatives. The 
authors have found in lab-examination, that the difference 
between the quality of the silage treated with biological 
preservatives and the control silage was slightly higher, than the 
difference measured in field test. As an explanation, the dry 
matter content of the green alfalfa was lower during the 
fermentation dynamic experiment, than in field test. The lower 
dry matter content was more beneficial to the operation of cell 
wall degrading enzymes (Figure 2.).
In the same time, in the case of silage treated with biological 
preservatives, there were no considerable difference in quality 
between samples taken in the first 15th days of the fermentation 
(the primary period of the fermentation) and after the end of 
fermentation (80-120th days). During model tests, the quality of 
the silage treated with biological preservatives was higher 
compared to control silage. However, the difference was lower, 
than expected. The authors concluded that the increase of 
concentration of the examined enzymes or the use of further 
enzymes are necessary.
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Table 3. The effect o f biological preservatives on the fermentation dynamics o f  the green alfalfa (dry matter content o f the green 
alfalfa: 30.0 %)

Treatment Fermentation day pH Lactic acid Acetic acid Propionic acid i-Ethyl acetic 
acid NH3-N

mg/100g% in silage

Control

7. 5.67 0.99 1.00 - - 41.46
15. 5.52 0.96 1.21 0.03 - 76.05
30. 5.49 0.90 1.28 0.06 - 87.67
60. 5.44 0.80 1.31 0.17 0.01 121.01
120. 5.53 0.74 2.34 0.26 0.07 181.30

LALSIL

7. 5.23 1.13 0.77 0.02 - 88.13
15. 5.25 1.05 1.11 0.02 - 69.90
30. 5.33 0.88 1.05 0.04 - 100.36
60. 5.33 0.88 1.34 0.06 - 112.12
120. 5.42 0.95 2.06 0.22 - 153.63

SIL ALL

7. 5.30 1.06 0.81 0.02 - 56.26
15. 5.32 1.00 1.03 0.02 - 78.04
30. 5.31 0.92 1.11 0.03 - 83.17
60. 5.28 0.86 1.20 0.06 - 131.84
120. 5.24 0.99 2.24 0.08 - 140.50

Figure I
Fermentative process o f alfalfa silage

Figure 2
The effect o f biological additives on fermentation process in alfalfa silage
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THE DEVELOPMENT OF DRYING 
TECHNOLOGIES
M. Herdovics
Hungarian Institute of Agricultural Engineering, Gödöllő

Corn is the decisive fodder plant in Hungarian agriculture, 
primarily used as cereal.
The technology of post-harvest processing, whose most 
important elements are seed drying and storage are closely 
connected to the technology of producing corn.
Corn is grown on 1.2-1.3 million hectares in Hungary. The 
content of moisture at harvest time is 22-25 %.
Given the Hungarian climatic conditions, the grain -  apart from 
a few exceptional years and one or two special species -  must 
be dried.
The cost of drying might be decisive from the point of view of 
the efficiency of production. Its extent -  depending on the 
content of moisture, the species and the applied technology of 
drying (performance, energetic features and utilization) -  may 
reach 25-40 % of the full production cost.
The cost of drying is fundamentally influenced by the content of 
moisture of the grain, other parameters of the drying technology 
and the speed of moisture loss, etc.
The content of moisture of the grain to be dried is funda­
mentally determined by the following:
-  species

- duration of growing (FAO number)
- the ripening dynamics of the hybrids (speed of moisture 

loss)
-  technology of production

- time of sowing
- nutrient supply, etc.

-  weather
- climatic features (precipitation, etc.)

-  time of harvest

In identical conditions, the quantity of harvested crops is also
interrelated with
the features mentioned above.
Generally, but not principally, in the case of hybrids, the 
duration of growing is in interrelation with the crops yield. 
Species with longer duration of growing usually result in higher 
crops yield, however this is accompanied by higher content of 
moisture.
The optimalisation of the utilization of the agro ecological 
potential is best realised in such a way, that the producer 
achieves the maximum possible result.
In the autumn period of harvesting the cereals the Hungarian 
drying plants also have to dry the seed of the oil plants 
(sunflower, rape).

The present condition of the fleet of grain driers

Unfortunately, the present Hungarian fleet of grain driers still 
consists of overwhelmingly (75-80 %) outdated equipment

(typically, SIROKKÓ 30/4, etc.), most of the plants were built 
in the 70’s and 80’s.
Following the economical transformation of the past decade, the 
new investments into grain driers were made typically by 
smaller and medium sized farms, thus the investments were 
made to cater for their needs. The proportion of modern drying 
plants is approximately 40 %.
In recent years several modern drying plants have been set up, 
however, the establishment of 20-30 new plants is not sufficient 
to renew the outdated fleet of machinery.
The industrial and technological needs demanded new priorities 
from new investments at this time.
The demands regarding technology are the following:
-  ability to fulfill a wide range of demands regarding perfor­

mance (private farm, medium-sized enterprise, cooperation, 
large servicing plant)

-  favourable investment costs (loan or possibility for payment 
in parts, company loan)

-  favourable energy consumption, low operating costs
-  wide range of technological versions
-  moisture regulation

When setting up new plants, it is especially important to meet 
the requirements regarding the protection of environment -  
without this it is not possible to set up a drying plant.
As for the developments of the driers, the following trends are 
in focus:

-Traditional or developed pit system driers with recir­
culation. (Figure 1: CIMBRIA BED 16R)
(CIMBRIA, STELA, PETKUS) (Western European trend of 
development)

Users: large plants, medium sized plants 
Output: * 10-15 ton/hour

-  Tower cylinder driers (Figure 2: MEYER drier)
(MEYER, GSI), (American-Italian trend of development)

Users: large plants, servicing plants 
Output: 15-20 ton/hour

-  Batch driers (Figure 3: GSI-Competitor 119 drier)
-Driers with material circulation or cascade system 
(MECMAR, GSI)

Users: medium sized plants, family farms 
Output: 2-5 ton/hour

Remark: * drying from 25 % to 14 %

The thermal energy consumption of the new, energy saving 
driers is 30-35 % better than that of the traditional driers with 
cross-flow (Bl-15).
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Figure 2

Figure 3

Figure 1
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COMPARISON OF BALE WRAPPING MACHINES
Z. Bellus
Hungarian Institute of Agricultural Engineering, Gödöllő 

Introduction

In the last years, as a result of the improvement in the quality of 
the agricultural production and farming, special machines 
developed for ensilage in Western European practice, appeared 
in Hungary.
The nutrient content and fermentation characteristics of 
fermented forage are important parameters in feeding of 
ruminants, as the demand of animals must be continuously 
cover both in winter (dairy cows and heifers) and in summer 
(beef).
The authors compared the bale wrapping methods of forage 
with low and high moisture content among technologies, based 
on the packing and pressing methods, which are regarded as the 
most modern preserving-storing technologies for forage at 
present. These up-to-date technologies give new aspects the 
feedstuff management and supply.

Material and method

In connection with the research, the evaluation of machines 
with different constructions based on the comparison of 
technical, technological, energetic and operating features 
(characteristics of material, weight of bales, base and productive 
times, utilisation factors and performance, fuel consumption, 
specific energy consumption and plastic film demand, etc.) 
measured during the preserving and storage of forage between 
1998 and 2002 concerning alfalfa and grass, was completed in 
nine farms.

Results

The bale wrapping technology, developed to reduce or eliminate 
some losses of fermentative preservation of forage, and related 
proper field technology (plastic cylinder for stalk crush, rotary 
mower, windrower, variable chamber baler with cutting system) 
provide the high quality. Furthermore, the use of additives, 
promoting fermentation during the bale wrapping is appropriate 
for producing high quality end-product. The field technology, 
the bale wrapping technique and usage of additives have 
substantial advantages in quality, due to the perfect anaerobic 
circumstances compared to the traditional, stack-storing, plastic 
covering technologies.
Bale wrapping machines with hydraulic motor-system can be 
divided into two main groups according to their driving: it is 
provided by a separated engine (hanging or towed 
constructions) or by the own engine (petrol- and diesel engine 
automotive constructions).
The first group of wrapping machines for single bales move in a 
complex three-dimensional way - which is essential for the 
covering of the bale - with the help of the bench and/or the bale- 
moving cylinders of the bench (in some cases with belts) and/or 
roller-prestresser mechanism (e.g. TELLEFSDAL AW-1200 
EH, WOLVO-WOLAGRI FW-15 WELGER FG-15 etc.). Some 
of the above mentioned machines are self-servicing (e.g. M- 
1610, SUPERTINO ABS 15 S, GEMELLI 120/3 SPI, 
PÖTTINGER G 90S).
Simple constructions are exceptions, where the role of the 
work-bench is transferred to the field, while the rolling is 
traditional (e.g. PITOCCHI BRTP)

The second part is the group of the bale wrapping machines 
with group system. As it comes from their name, these 
machines produce ‘bale-sausages’ fitting them tangentially and 
continuously. It is the result of the multiple-thread covering 
operation (it uses more rolls of plastic film at the same time), 
which is accomplished with the proper pitch on the lateral area 
of the sausage. Besides the examinations concerning rolled 
bales, the authors mention the universal bale wrapping 
machines as a further possibility. These machines are developed 
for covering the units of squared bale stacks.
Some of the machines presented, as the WOLVO-WOLAGRI 
FW-15, the WELGER FG-15, PÖTTINGER ROLLPROFI 90 
SG, the SUPERTINO ABS 15S and the GEMELLI 120/3 SPI 
can pick up the bales on their own, while other machines (e.g. 
PITOCCHI BRTP) accomplish this operation specially with the 
constant holding of the bales on the working-bench (on the 
field) or with the collective operation of the baling and 
wrapping in the case of the RECO R-52 + AUTO WRAPPA 
machine group.
Service of other machines working in either single or group 
system (e.g. SILAWRAP UN 7556, KP-646, EBKO, COMBI 
PACK) depends on the management of the loaders and the 
optimal placing of the bales before wrapping, which is 
necessary for bale-loading.
Technical and technological parameters of bale wrapping 
machines with different constructions concerning bale wrapping 
and covering of rolled bales, and the characteristic of the 
material measured during the wrapping, moreover the relation 
between the performance and specific energetic parameters of 
the baling process are demonstrated in Figure 1 and they are 
summarised in Table 1 and 2.

Development program

The most spectacular improvement was in the development of 
single-system bale wrapping machines. In this field, the most 
important steps were the execution of self-service, the multiple­
rolling mechanism, which is necessary for higher performance, 
and in the same time the introduction of the multiple-thread 
rolling method, the total automatization of the wrapping process 
and the remote control from the driver engine.
The further increase of the performance was carried out by the 
decrease of the secondary time necessary for serving, and - as a 
result of this - by the construction of the machine group and the 
procedure of „single-run” bal ing-wrapping. In the first step, the 
development of the simpler wrapping machines, which followed 
the baler in a controlled way and were applied to cover the rolled 
bales, started. This progress was followed by the development of 
a single-or double axle special structure, which contained both the 
baler and the wrapping machines. Due to its universality, this 
structure included the wrapping machine, which was necessary 
for wrapping both the rolled and the square bales (Figure 2).
Next and present step of the development is the construction, 
where the baling and wrapping is carried out in the same 
machine, in the baler. During the operation of the baler the bale 
does not leave the chamber responsible for forming, pressing 
and rolling before the final step (‘end-product’) (Figure 3).
In connection with developments, we have to mention the 
structure of the special loader-adapter, which necessary to 
holding and moving the wrapped bales. The development and 
production started in this field would make the agricultural 
machines market (hanging and towed equipment, service 
requiring systems, production and distribution of proper 
wrapping material) complete in Hungary.
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Table 1 performance parameters o f bale wrapping machines

Type
Winding turn 

(rpm)

Base time

(h)

Productive
time
(h)

Base time 
efficiency

(th1)

Productive time 
efficiency (th1)

Productive time 
utilisation index

(%)

TELLEFSDAL 
AW-1200 EH

К 130S HI

К 130SHII

24 0.042 0.050 11.5 9.7 84.0

36 0.550 0.065 8.9 7.5 84.6

WOLVO FW-15 

WR012HI 

R 12 HII

18 0.016 0.041 30.8 11.8 38.3

24 0.021 0.047 24.0 10.5 43.9

KVERNELAND 
UN 7556

CR 250 SZ 24 0.024 0.0504 35.1 16.4 46.2

KP-646

DF MP122 SZI 

DFMP122 SZII

24 0.029 0.034 20.3 17.4 85.6

36 0.038 0.045 14.0 11.9 85.7

WELGER FG-15 

WR12 HI 

WR12 SZII

24 0.029 0.035 14.6 12.3 82.9

36 0.037 0.044 10.6 8.9 84.1

PÖTTINGER 
RP G 90S

P RP3500 HI

P RP3500 SZII

24 0.021 0.045 26.7 12.5 47.1

36 0.033 0.058 18.9 10.7 56.6

SUPERTINO 
ABS 15 S

CR 250 H 30 0.021 0.025 9.1 7.7 45.7

M-I610
JD 575 H 24 0.032 0.058 14.4 7.9 55.2

GEMELLI 120/3 SPI 

R12 SZI 

R12 SZII

12 0.012 0.025 42.8 20.6 48.0

18 0.018 0.031 30.8 17.4 56.4

PITOCCHI BRTP 

130S HI 

130S HII

24 0.023 0.043 16.1 8.6 53.5

30 0.027 0.049 14.7 8.1 55.1

EBKO WRAP 
LINER MT-26

1300 HI

R46 HII

11 0.007 0.027 30.2 7.8 25.9

11 0.005 0.012 75.2 30.1 40.0

POMI KOMBI PACK 

3500 HA 

3500 HII

10 0.022 0.059 46.1 17.1 37.1

12 0.070 0.064 33.5 14.7 43.7

RECO R-52 + AUTO 
WRAPPA 24 0.019 0.025 20.1 15.8 76.0
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Table 2 Energetic parameters o f bale wrapping machines

Type
Winding turn 

(rpm.)

Weight of bale 

(kg)

Fuel consumption Specific- energy consumption

(kg h') (kg f ) (MJ h 1) (MJ f 1)

TELLEFSDAL 
AW-1200 EH

130S HI

130S SZII

24 487.0 3.88 0.34 162.5 14.2

36 490.0 4.16 0.47 174.2 19.7

WOLVO FW-15 

R12HI 

R12HII

18 477.0 7.62 0.25 319.0 10.4

24 497.5 8.89 0.37 372.2 15.5

KVERNELAND 
UN 7556

R 250 SZ 24 825.5 2.27 0.06 95.0 2.7

KP-646

FMP122 SZI 

FMP122 SZII

24 582.5 2.44 0.12 102.2 5.1

36 536.5 2.47 0.19 103.4 8.0

WELGER FG-15 

R12HI 

R12SZII

24 393.0 7.24 0.49 303.1 20.5

36 430.0 8.95 0.84 374.7 35.2

PÖTTINGER 
RP G 90S

RP3500 HI

RP3500 SZII

24 564.5 6.24 0.23 261.3 9.8

36 625.0 7.30 0.38 303.9 16.1

SUPERTINO 
ABS 15 S

R 250 H 30 192.0 1.86 0.20 77.9 8.4

M-1610
D 575 H 24 460.0 4.62 0.32 193.4 13.5

GEMELLI 

R12 SZI 

R12 SZII

12 522.0 7.84 0.18 328.3 7.7

18 545.5 9.8 0.32 408.6 13.3

PITOCCHI BRTP 

130S HI 

130S HII

24 365.0 2.57 0.14 107.6 5.9

30 402.0 2.60 0.17 99.2 7.1

EBKO WRAP 
LINER MT-26

1300 HI

R46 HII

11 517.5 1.06 0.04 44.2 1.5

11 710.0 1.99 0.03 83.3 1.1

POMI KOMBI PACK 

RP3500 HA 

RP3500 HII

10 1024.0 2.35 0.05 98.4 2.1

12 941.0 2.38 0.07 99.7 3.0

RECO R-52 + AUTO 
WRAPPA 24 394.0 2.74 0.14 114.7 5.7
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The changes of relative energy consumption of the baling 
depending on the dry  matter content
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Figure 1

Figure 2
Vicon Bale Pack

Figure 3
Taarup Bio

Apart from the fact, that wrapping machines with low-, middle-, 
and high-performance can meet the requirements of farms with 
different sizes, they are absolutely suitable practical machines 
for rent. From these machines those, which use multiple 
wrapping technique can be operated economically in large-scale 
farms with high number of animals, while machines with low- 
efficiency and single-system can be suitable in family- and 
small farms.
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ON DETERMINATION OF THE HEAT 
CONDUCTIVITY OF CEREALS AND 
AGRICULTURAL GRIST MATERIALS
E. Judák -  G. Kovács -  L. Fogarasi -  P. Korzenszky 
Szent István University, Gödöllő

Introduction

difference and the heat (energy) flows from the warmer place to 
the colder place. Supposing a heat flow density as the constant 
and one-way flux trough a homogeneous space, the following 
relationship can be written down (Fourier's law):

The properties of the agricultural materials are basically 
important in the food industry and the design processes of the 
food-industrial devices. Unfortunately, regarding the 
professional literature sources, the available data base of some 
material properties (as the values of dielectric constant, thermal 
conductivity or specific heat etc.) is not really perfect at all. An 
instrument is presented in this paper, which is used for 
measuring the thermal conductivity values of different 
materials. The determination of the thermal conductivity 
coefficient with the help of the instrument is carried out on the 
base of stationary measuring method. The unknown material 
property is measured in the way of its comparison to the thermal 
conductivity value of the standard material chosen (reference). 
Using this relative method, many data of the instrument 
parameters can be eliminated and the measuring accuracy may 
be increased in this way. Of course, the standard material must 
be chosen from those materials of which thermal conductivity 
coefficient values are available with high accuracy in the 
literature. Another important point of view in the selection of 
the standard material is that its reference value of thermal 
conductivity coefficient should be of the same order of the 
unknown thermal conductivity coefficient value to be 
determined. In this way, the intermediate temperature to be 
measured can be set close to the arithmetic mean value of the 
inlet and outlet surface temperatures and the measurement 
accuracy may be improved. The function between the 
temperature and the bulk density of the material to be measured 
must be recorded in the case of each substance separately. The 
used standard of cork was chosen because of the tested material 
(wheat) and its 10 cm thick grain layer. The data determined by 
measuring the thermal conductivity coefficient can be used for 
quality classification of materials, too, amongst other purposes.

The principle of the measurement of the thermal 
conductivity factor

The conduction of heat is originated from the Brown's heat- 
moving and interferes of particles induced by the temperature-

where q is the heat flow density, A is the thermal conductivity 
factor of the sample, dT/dl is the temperature gradient (the 
differential quotient by the path length of heat transfer) and 
dQ/dt is the heat flow (heat power) through the surface area A.

q  -  h e a t- f lo w  d e n s i ty  . T a p  w a te r , q  -  h e a t - f lo w  d e n s ity

t3

t2

S a m p le  sp ac

(^-sample)

e Is

tl

R e fe re n c e

(^•cork)
lc

E le c t r ic a l ly  h e a te d  p a te

The known quantities are the thermal conductivity factor of the 
cork etalon (Ac) and the values of the layer thickness (ls and lc) 
and the values of temperature (t,, t2 and t3) can be considered as 
known with the help of the testing card.

A d t

Supposing the constant heat-flow density, the unknown thermal 
conductivity factor (Asampie) can be formed as an explicit 
variable:

^■ S -  X.c  ■ *s ' (*i ~ *2) 
•c • (*2 _ *з)

The assembly sketch of the instrument developed for measuring 
the thermal conductivity factor related to the bulk material can 
be seen in Figure 1.
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Composition scheme o f the measuring instrument for 
determination o f thermal conductivity factor o f bulk material



The instrument consists of two cylinders that can be put each 
into other, two electric heated plates, one-and-one cork disk 
used as etalons to the instrument-halves respectively, 8-and-8 
semi-conducting thermometers and suitable parts for the inlet 
and outlet of the water.
The measurements can be carried out on the samples made of 
equably dense grains and grits of 10 cm thickness in the sample- 
space. In the space between the two cylinders, tap water flow is 
driven ensuring the constant temperature, the route of the heat 
flow and the temperature independent from the environment. 
The electrically heated plate keeping on T = 80 °C ensures the 
constant temperature.
The temperature difference between this and the temperature of 
tap water (that can be measured on the two sides of the sample) 
generates the stationary heat flow. On the top and the bottom of 
the reference cork of known thermal conductivity factor, the 
temperature values (t, and t2) are measured.
The temperature is measured on the top (t3) and the bottom (t2) 
side of the sample space as well. The Xsampie can be computed 
from the measured difference between the temperature values 
and the known parameters according to the above way 
described.
The 8 semi-conductor thermometers are connected to the 
measuring card. (Advantec PCL-711). The power of the heating 
plates is changed so that the temperature is controlled steadily and 
the regulator algorithm is running at every sampling as well.
The complete measurement unit performs basically two tasks: 
the scanning of the 8-8 thermometers placed into the probe and 
the transfer of the data into a txt file and additionally the control 
of the heating plate of temperature
T = 80 °C is set with the help of unit o f triac. The temperature T 
can be set from the program.
The photo-picture of the Л-measuring unit and the cork disk 
giving the X reference value can be seen in Figure 2.
The evaluation in Microsoft Excel from the resource file i.e. the 
txt file generated by the program is shown in Figure 3.
The time of sampling is setable and between two sample-taking 
the temperature of the heating plate o f  T = 80 °C is regulated. 
According to the experiences, the constant heat flow is realized 
so real X value can be obtained.
A comparing evaluation can be seen in Figure 4 that was 
carried out with two kinds of wheat and within the same kind, 
the grain and its grits of midie particle size by their thermal

conductivity.
The comparison of this equipment with the instrument type 
HOLOMETRIX RAPID-k UT 250-A and UT 400-A 1 is under 
work yet.
Different mean value of temperature of sample were set with 
the help of programing the heated plate to different 
temperatures at the wheat sample (GK-Élet, Csárdás) during the 
examination of the function A.=f(t).
Comparing the results to the data measured by the instrument 
HOLOMETRIX RAPID (made in USA), the deviations are 
negligable i.e. the comparison shows a good accordance.
The 1°C changing in the mean temperature of sample effected 
AA,=0,005 W/m*K. The error inside the measuring range can be 
accepted to be binear. Figure 5.
We intend in further reasearch work to measure X in vacuum 
too.
X.cork= 0,048 W/m*К

In our laboratory 
Value of X 
AT = 15°C

ÉMI reference X 
AT = 10°C

Corn w=13,5% 0,128 0,1398
GK-Élet
w=12,5%

(grain) 0,1215 0,1306

Csárdás 
w=l 1,8%

(grain) 0,125 0,1310

GK-Kalász
w=12,l%

(grits) 0,135 0,1317
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Figure 2
Picture o f  the Л measuring unit and cork disk giving the reference value o f Л
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Measuring the therminal conductivity factor of wheat grains (GK-Élet)

Measurement number (one value = average of 500 expositions. Time of the measurement
8 hours)

Figure 3
Evaluation in Microsoft Excel from the txt file (as resource file) generated by the data collecting program

Comparison diagram of X

Measurement number (one value = average of 500 expositions. Time of the 
measurement 8 hour)

Figure 4
Comparing evaluation

The X depends on the temperature at wheat and grit
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DETECTION OF SMALL SCALE MECHANICAL 
CHANGES BY ACOUSTIC MEASURING SYSTEM
J. Felföldi -  A. Fekete
BKAE UNiversity, Faculty of Food Science, Budapest 

Introduction

On the field of the theoretical and applied research of 
mechanical properties of horticultural produces there is a need 
for methods to detect and evaluate the small scale (1-2 %) 
firmness changes caused by different load types. The effect of 
dropping, pushing, hitting the produces -  e.g. during the 
harvest, transport or processing — or the effect of the turgor loss 
due to a surface injury cannot be measured by traditional 
(compressive) methods because of their destructive nature 
and/or the relatively poor repeatability. However the acoustic 
response method can be an ideal tool for this purpose due to its 
absolutely non-destructive behavior and very good 
reproducibility. The result of the acoustic test is a resonance 
frequency given by the spectrum of the acoustic response signal 
therefore the resolution of the measurement is determined (and 
limited) by the Fourier transformation method used for 
calculation of the spectra. In the case of the test of horticultural 
products the duration of the acoustic signal is typically 10-100 
ms, consequently the best resolution available using Fast 
Fourier Transform (FFT) algorithm is several Hz (it is 
determined by the reciprocal value of the length of the acoustic 
response signal, e.g. in the case of 250 ms total record length 
the resolution is 1/250 ms = 4 Hz). It is usually not enough at all 
for a quasi continuous investigation of the small scale changes. 
The resolution can be increased by mathematical methods used 
in the data assessment. However in that case it is reasonable to 
develop and apply an automatic test apparatus to ensure very 
stable excitation circumstances (excitation force and position) 
as well to eliminate any disturbing variable component of the 
tests.
Therefore our aim was to develop a dynamic measurement 
system for
-  automatic repetitive acoustic excitation of horticultural 

products (fruits and vegetables) with high precision
-  determination of the resonance frequency with significantly 

increased resolution using appropriate algorithm.

Further objective of the work presented here was to determine 
whether this system is suitable for the measurement of small 
scale mechanical changes in different products.

Materials and methods

The resolution of the measurement of the resonance frequency 
can be increased significantly by fitting an appropriate curve on 
the discrete (e.g. 4 Hz resolution) values of the FFT-spectrum 
near to the resonance frequency and determining the maximum- 
location of this fitted function. Supposing the time-domain 
acoustic response signal to be an exponentially attenuating 
sinusoidal oscillation the frequency domain transform of the 
signal can be described analytically as well. If the time-domain 
signal is:

U (t) = e~a  ,

where - f0: the resonance frequency 
- a: attenuation factor

then the frequency domain transformed signal is [1]:

( o r  +  Infif +  (2nfuY

The output value of the software developed for the assessment 
of the acoustic signal is determined by fitting this function on 
the discrete points of the FFT spectra in the neighborhood of the 
peak value (figure 1). The resolution available by this method is 
approximately 0.01 Hz.
Using the instrumentation developed for the automatic tests the 
samples are excited by a stick
The position of which can be adjusted. The impact force can be 
adjusted as well. The software running on the fitted computer is 
for controlling the test, reading and analyzing the response 
signal and for calculating and storing the measurement results. 
Model materials and different horticultural products were used 
to test the practical accuracy of the system and the applicability 
of the system for the detection of different micro-changes:

-  Repeated automatic tests on the same location
- for measurement of the effect of short/medium time 

storage (water-loss, turgor-loss)
carrot, apple ((Idared, Jonagold, Golden), tomato 
(Credito), melon (Solar King))

- for the investigation of the effect of the repeated 
mechanical impacts

- (apple (Idared), tomato (Heinz), melon, onion (Grano))
-  Effect of the mechanical load (drop tests)

(tomato (Credito, Brillant), melon, onion)
-  Effect of the excitation position (tests of rotated samples 

around their equator)
(model-materials (rubber block, plastic block), apple 
(Idared, Gloster), onion (Makói lila))

-  In-vivo tests (effect of the physiological processes)
(tests on individual apple samples (Idared) on trees)

Results and conclusions

The acoustic measurement system developed for high resolution 
repeated tests was found to be suitable for measurement of the 
acoustic stiffness factor change of different horticultural 
products. In the majority of the processes in question the change 
of the sample mass is negligible, so it is enough to concentrate 
on the frequency change.
-  Firmness change of a carrot sample in several minutes is 
illustrated on figure 2. According to the figure it can be 
concluded that besides the resonance frequency the bandwidth 
parameter -  characteristic for the attenuation of the sample -  
can be informative too. According to analysis of variances of 
the results the practical frequency resolution of the system was 
found to be equal to +/- 0.2 Hz. Conclusively in the given case 
(where the resonance frequency is approximately 400 Hz) 0.1% 
change in the firmness can be detected.
-  The system was found to be suitable for repeated tests of 
individual samples for several hours or days. For example, in 
the case of the carrot samples strictly monotonous relation was 
found between the mass loss of the sample and the decrease of 
the acoustic resonance frequency. The percentage changes of 
these parameters are in the same range.
-  The mechanical effect of the acoustic excitation on the sample 
was found to be practically negligible. After an initial very 
small scale increasing of the firmness the effect of several 
hundred (or several thousand) tests is less than 1%.
-  Using the high resolution system statistically significant 
changes were measured in the firmness as the effect of very 
small scale mechanical loads causing no visual destruction (e.g. 
drop of tomato sample from 10 cm height onto a rigid flat 
surface, as it is illustrated on figure 3). Partial relaxation of the 
samples was observed as well.
-  In preliminary in-vivo test of apple samples the system was 
found to be suitable to measure the acoustic frequency of 
individual samples on the trees during their ripening process.
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According to figure 4 a synchronous change of the firmness of 
the tested samples was observed during a 2 week experiment. 
This trend was interrupted only in the case of samples falling 
down spontaneously.
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Figure 1
Increasing the frequency resolution by a suitable fitted function
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Figure 2
Result o f the measurement with increased resolution on a carrot 

sample (acoustic frequencies vs. the measurement time)

Tomato: investigation of the effect of the sample drop with acoustic test
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Figure 3
Effect o f a drop test on the acoustic stiffness o f a tomato 

sample (acoustic frequencies vs. the measurement number 
drop height: 10 cm)

In-vivo acoustic tests o f apple samples

Figure 4
Frequency results o f the acoustic tests prformed on apples on 
trees vs. the time during the ripening (Cult ivar: I dared, empty 
markers used for samples falling down during the test period)
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SOME PROPERTIES OF PARSLEY LEAVES 
DRYING
J. Веке
Szent István University, Gödöllő 

Experimental methods and equipment

For the analysis of convective drying process a special 
laboratory equipment was developed, which can be seen in the 
Figure 1. The features of apparatus gave possibility to measure 
the input and output temperature, the velocity and the relative 
humidity of drying rate, as well as the weight of the drying 
sample. All the measured data was recorded and processed by 
using PC. The moisture content of the drying material was 
determined according to the relevant ASAE standard.
In order to evaluate the microwave drying process numerous 
experiments were carried out, using a laboratory-scale appa­
ratus, that can be seen in the Figure 2.

Figure 1
The scheme o f the apparatus for analyzing convective drying 

1-Sample holder, 2-Air heater, 3-Electric engine, 4-Fan, 
5-Measuring tube, а-thermocouples, b-dew point meter, 

c-interface, d-computer, e-manometer, f-measuringfange, 
g-throttle cone, h-temperature control unit

Figure 2
Structure of apparatus for microwave experiments

I-treating chamber, 2-sprectum analyzer, 3-computer, 
4-detector, 5-microwave control unit, 

б-receiving antenna, 7- emitting antenna

Results and discussion

Convective drying experiments

Because the stalk and the leaf have significantly different 
kinetic curves it is evident that the two components have dissent 
water loss properties. The integrated (average) moisture content 
comes from the weighted average of the topical water content of 
the two component thus, the kinetic curves -  strictly speaking -  
are not symmetrical to the mean moisture content curve. 
However the plotted kinetic curves show a classically typical 
forms of agricultural products.

The intensity of the water loss process is demonstrated by the 
drying rate curves. As the Figure 3 shows the typical three 
periods of the drying process can be observed in both cases 
(when the air velocity is 0.4 and 0.8 m/s). In both cases the stalk 
has the longer constant drying rate period.

Figure 3
Typical drying rate curves o f parsley leaves in convective 

drying

The probable reasons for that can be found in its smaller special 
surface and in the peculiarity of the inner moisture movement. 
Namely it can be assumed from the morphological structure of 
the plant, because the outer epitheliums create some water con­
fining layer and the inner vascular system promotes the lon­
gitudinal moisture movement. There are similar reasons for the 
higher maximum drying rate of 20 % in the case of leaf drying. 
However, difference of similar degree cannot be experienced in 
the average integrated moisture content for the whole drying 
rate, because in the last period of the water loss process that 
difference is equalized gradually. By improving the air velocity 
from 0.4 m/s to 0.8 m/s increases the drying rate by 15-20 %. 
Analysis of the relationship between the moisture content (on 
dry basis) and the energy consumption of drying process is 
illuminating (Figure 4).

Figure 4
Energy consumption o f convective drying process ofparley 

leaves

By supposing an equalized distribution of inlet energy between 
the stalk and the leaf a larger heat and mass transport rate is 
established in the case of leaf drying. The lines illustrated the 
energy consumption run nearly parallel in the constant drying
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rate period. The falling rate period can be divide into two 
intervals: a evenly and an asymptotically decreasing section. In 
all three drying periods the leaf drying process needs fewer 
energy, nearly to the same extent. It should be mentioned that 
the above findings are valid on the basis of equivalent moisture 
content. It is hard to avoid overdrying of components because of 
the quicker leaf water get-off.

Microwave drying experiments

By analysing the drying process more accurately it turns out that 
in the case of microwave drying the stalk drying rate exceeds the 
similar parameter of leaf (Figure 5). This phenomenon contradicts 
the convective experiences. This phenomenon can be led back at 
least to two probable reasons. On one hand as a result of 
microwave absorption the temperature gradient has an opposite 
direction, compared to the convective case.
On the other hand the degree of energy absorption is not in a 
close connection with the surface heat and mass transfer 
coefficient or the specific water get-off surface

Figure 5
Typical drying rate curves o f parsley leaves under microwave 

conditions

Moisture content, X (kg/kg)

Figure 6
Energy consumption o f microwave drying process ofparley 

leaves

In these conditions the confining effect of surface epitheliums is 
nearly negligible. Because of the inner heat production, a 
significantly larger diffusion coefficient can be experienced, 
consequently the moisture movement rate increases. On all 
these bases it can be supposed that an intensive moisture 
movement is established in the vascular systems, which leads

the majority of water content from the stalk to the leaf, causing 
more intensive water loss in the stalk. It is seem that the earlier 
hypothesis is also supported by the obtained qr-X curves of 
parsley leaves drying (Figure 6.) As it can be seen the relative 
energy consumption curves, as functions of the topical moisture 
content, shows a shape of power function.
There are several explanations for slightly decreasing energy 
consumption at the beginning of the water loss process. On one 
hand it is certain that the energy absorption is not homogeneous 
in the warming up period. On the other hand the establishment 
of a homogeneous high-frequency field is influenced by the 
relationship between the main parameters of treating chamber 
and the properties of drying material. Disregarding the 
complicating factors listed in the earlier sentences in the case of 
microwave parsley leaves drying a nearly equable energy 
consumption can be recorded.
The slightly increasing energy consumption at the end of the 
drying process can be caused by the apparatus construction as 
well as the energy conversion losses. Similar results were found 
in the case of any applied microwave power and we did not find 
significant difference in energy consumption of stalk and leaf 
drying.

Closing remarks

In the usual domain of vegetables microwave drying the drying 
process is divided into constant and falling rate period. As a result 
of the effect mechanism break points can be found on the falling 
drying rate curves. The probable reason for that is that the absorp­
tion of the microwave energy in the drying zone is not homo­
geneous (especially at the beginning of the drying process) and its 
absorption degree does not reach the possible maximum value. 
During the drying of greens the stalks and the leaves show different 
water get-off features. The drying rate depends -  among others -  on 
the applied mode of the energy transport. The intensity of the 
convective energy transport is the function of the surface heat 
transmission coefficient, while the degree of microwave energy 
transport depends on the efficiency of absorption.
The author is grateful to the OTKA Foundation (T037420) for 
the financial support.
Symbols
E Electric field strength f frequency
Pi Incident performance 4 r Relative energy consumption
P r Reflected performance t temperature, °C
Pd Dissipated performance T time (min)
S Drying rate (kg/kgmin) X wave length
X Moisture content, dry basis 

(kg/kg)
8 the imaginary part of complex 

dielectric constant
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APPRECIATION OF AN COMPLEX 
ULTRASOUND SYSTEM ACCORDING TO THE 
SURVIVAL CELL COUNT
A. Lőrincz -  M. Neményi
University of West Hungary, Mosonmagyaróvár

Introduction

There is no cavitation in the ultrasound field until the amplitude 
of the acoustic pressure exceeds a certain level, the cavitation 
threshold [1]. Cavitation threshold is proportional with the 
frequency of ultrasound, with the hydrostatic pressure in the 
liquid, and with the viscosity of the sample and it is inversely 
proportional with the gas content and temperature of the sample
[2]. There are two types of cavitation that are stable and 
transient cavitation [3]. Basically two reactions take place when 
ultrasound and a media interact with each other. One of them is 
the absorption the other one is the scattering, which changes 
e.g., the speed of propagation of the sound in the subject media 
[4]. Due to the absorption, the intensity of ultrasound decreases 
exponentially with distance and the absorption coefficient 
primarily depends on the speed of propagation of the sound in 
the subject media, on the wave type, on the material situated in 
the ultrasound field and on the frequency. The absorption 
always characterizes a media, a structure or an environment that 
determines the parameters of propagation [5]. When absorption 
coefficients were measured in oxo- and methemoglobin, it was 
observed that the absorption is proportional with the 
concentration of hemoglobin in the concentration range 
between 0 and 15 [g/100ml] [6]. It was clearly established that 
the profile of the ultrasound propagation speed depends on the 
concentration profile of the suspension [7]. Effects of the size 
and concentration of the suspended particles on the propagation 
speed of ultrasound was examined in water based suspensions. 
It was established that the speed of sound largely depended on 
the particle size and concentration [8]. In vitro cavitation 
threshold measurements were carried out in human blood. In 
the fresh blood that contained every blood component, the 
amplitude of the acoustic pressure belonging to the cavitation 
threshold was higher than in diluted blood [9]. Due to cavitation 
caused by ultrasound, acoustic streaming was formed in the 
liquid [10]. Acoustic streaming is a movement of the liquid that 
is caused by intensive ultrasound [11]. Mixing of liquid was 
experienced in the ultrasound field due to acoustic streaming 
[12]. An acoustic reflector placed opposite to the transducer 
causes a standing wave to be formed. In a standing wave the 
materials whose density are lower and higher than of the liquid 
drift to propagation cluster planes (pressure antinodes), and 
pressure nodes, respectively [2]. The ultrasonic separation is 
used in analytical biotechnology applications. This procedure is 
based on the fact that in a standing wave field, where there is no 
cavitation, the cells are arranged in bands distances of which 
are smaller than a millimetre and they can be separated from 
these bands [13]. Yeast (Saccharomyces cerevisiae) and rubber 
particles were manipulated in a standing wave ultrasound field 
at frequencies of 1 and 3 [MHz]. The particles formed bands in 
pressure nodes whose distance from each other was equal to 
half of the wavelength. In the direction of the radiation the 
bands formed column like structures. Stability of the bands, the 
conditions under which they are broken and the formation of 
the acoustic streaming were investigated in [14]. Effectiveness 
of the cell separation of Escherichia coli bacteria and 
Saccharomyces cerevisiae yeast cells from a yeast suspension 
was examined at frequencies of 1 and 3 [MHz] [16]. The effects 
of microwave is very similar to the actions of ultrasound on the 
biological materials [17], [18], [18], [19].

Materials and methods

l,8g of pressed Saccaromyces cerevisiae yeast microbe was 
suspended in 200cm3 of distilled water with a magnetic stirrer 
until it became clod free and the cell concentration reached the 
level of 9xl07/ml. For the sake of a better detection we put 5 
drops of methylene blue into the solution, which did not 
influence the vitality of the micro organism.
We put the suspension into a flow injection system (Fig. 1.) of 
100 cm3 of inner volume with a peristaltic pump. After the 
filling and short-circuit of the system the suspension was 
circulated by a peristaltic pump between the different structural 
units. The suspension was then not directly treated but isolated 
from its environment by material flow through ultrasonic flow 
cuvettes (Fig. 1.) especially made for this purpose. The 
ultrasonic cuvettes allow the suspension to flow with a surface 
of 1 cm2 and a thickness of 0.5 mm. There were two cuvettes 
placed 1 cm apart at right angles to the flow direction. The 
reason for this arrangement was that the effects on the liquid 
film are much easier to observe than inside the material. In 
order to avoid cell sedimentation an efficiently high rate of 
flow was applied: 50-70 cm/sec (4-5 cm3/sec). The suspension 
flowing in the ultrasonic cuvettes were exposed at a frequency 
of 0.8 MHz and at a capacity of 10 W/cm2. The suspension 
flowing in the system gets into an optical detection cell placed 
in a biological microscope. The picture gets then from here 
through a CCD camera into a computer system, where it will be 
saved according to time units. Which will allow evaluating the 
cell disruption effect of the treatment based on calibration. 
After short-circuit the flow system and turning on the ultrasonic 
system there were drop samples taken at time units through a 
built-in tap. The samples were immediately analyzed under a 
Buerker chamber. A thermostat unit also belongs to the system, 
which ensures a constant temperature for the reproduction of 
the tests.
The survive cell analysis is based on a vital stain, which means 
that under microscope with Buerker-chamber. The dead cells 
are stained blue owing to methylene blue but the living 
organisms remain clear. We can establish the curve of 
deteriorated and survived cells owing to ultrasonic treatment as 
blue stained and clear cells are counted at regular time units. 
Organisms are regarded as cells, which have intact cell walls 
and reflect vitality. We want to mention this fact because after a 
certain time of treatment cell lysis will happen.

Treatment definition

The treatment means a certain period of time during which the 
amount of liquid circulating in a flow system is exposed to a 
physical (ultrasonic) treatment of a given capacity during a 
given period.
The time of treatment means in the flow system the period 
between the turning on and turning off the ultrasound. This 
period was taken into account during the evaluation of the 
results.
As for the amount of liquid the time of treatment had to be 
corrected in the flow system concerning the total amount of 
liquid flowing in the system and the total time of treatment. 
Therefore the total liquid treatment time of „A” is required to 
reduce the original cell count to its hundredth where 
,,B”=100cm3 is the total amount of flowing liquid in our 
system. So 1 cm3 of cell suspension has to be treated at „A/B” 
minute.

Results and discussion

Treatments were carried out at 0,8 MHz and with a capacity of
7,5 W/cm2; 9,6 W/cm2; 10,5 W/cm2 and 12 W/cm2 by taking 
samples from the suspension at defined times. These samples
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were then evaluated in Buerker chambers based on the average 
living and dead cell numbers to be observed. Figure 2 showed 
the relative percentage of survive cell counts in the samples. 
According our examinations the relative surviving cell counts 
of one milliliter treated suspension showed on Table 1. On Fig. 
2, the 0 = 7,5 W/cm2, □ = 9,6 W/cm2, Д = 10,5 W/cm2, X = 12 
W/cm2 are the points belonging to the ultrasonic treatments and 
the functions fitted to them. The relative living cell counts 
signified by the different symbols show that more drastic and 
faster cell destruction is to be observed depending on the time 
passed if we applied higher capacities. In Table 1 the relative 
cell counts refer to 22 cells per Buerker chamber owing to 
creating the model function, which indicate an initial cell count 
of 8,8xl06/ml. In order to set up a model formula we set 
different trend functions onto the points. The logarithmic trend 
functions showed the highest correlation with the measured 
points. Setting trend functions on to the additive and 
multiplying factors of the logarithmic functions resulted in the 
formula shown in Table 2, where „a” is the trend function 
referring to the additive factor and ,,b” is the trend function 
referring to the multiplying factor. Cell count can be omitted 
from the model formula as it refers to the initial cell count of 22 
cells / Buerker chamber unit, so it has to be corrected by the 
actual cell counts respectively. This model function helps to 
calculate the ultrasonic capacity that is required for treating the 
material at a given initial cell count, so that it would reduce to 
the required cell count after a certain period of time. Or it 
allows determining the time needed to reach the required cell 
count at constant ultrasonic capacity. Of course these values 
refer to a given system. Therefore a correction factor is to be 
used for a general usage adapted to the actual conditions. Fig. 3. 
shows the replacement of the treatment of 7.5 W/cm2.

Conclusion

The model function allows modelling the effects of the 
ultrasonic treatment at a frequency of around 0,8 MHz and 
different capacities.
The ultrasonic treatment can be adapted for use for treating 
agricultural products if high quality is required.
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Figure 1
The complete flow injection system. Key: I. Peristaltic pump, 2. Lead out tube, 3. Ultrasonic treating cuvettes, 4. Tube, 5. Tap 

6. Optical flow cuvettes, 7. Lead in tube, 8. Light microscope, 9. CCD camera, 10. Ultrasound transmitter, 11. Ultrasound receiver,
12. Echoless water bath.

Table 1 Relative surviver cell cell counts o f one millilitre treated cell suspension after different exposition times

Ultrasound output power 7,5W/cm2 9,6W/cm2 10,5W/cm2 12W/cm2
Exposition time (In 1cm3 treated 

suspension) 3min 29sec 2min 27sec 2min 17sec 2min 9sec

Rel. surv. cell count 1,70% 0,90% 0% 0,80%

Time (rrin),

Figure 2
Model functions on the relative survival cell counts

Figure 3
Model function on the real relative living cell count values

Table 2 Model functions
у = a ln x o + b  (x 0= t im e , [ m in ] ) (1 )
a = -1 .9 3 7 6 1 n X |+ 0 .4 7 5 3  (xt= Ultrasound power, in  W/cm2) (2 )
b = -1 .5 2 7 7 1 n X ]+ 2 6 .5 6 7  (X,= Ultrasound power, in  W/cm2) (3)_______
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PHISICAL PROPERTIES OF SEEDS OF 
VEGETABLES
N. I. Polyak - Z. Csizmazia
Centre of Agricultural Sciences University of Debrecen 

Introduction

The knowledge of the characteristics of the particles used is a 
key issue in the process of design of the agricultural machines. 
As a result, the study and investigation of the characteristics of 
particles used in agriculture, mainly their physical properties 
have become a significant area of agricultural research. 
Granular particles (seeds, fertilisers) are of special importance, 
as they come into close contact with various machines in the 
course of particle moving, seeding, spreading, harvesting, 
cleaning, drying, processing etc. (Neményi, 1985, Sitkéi, 1981). 
The interest in physical properties of seeds and the methods for 
measuring them has increased during the last few years. The 
construction of equipment for storage, transport and distribution 
first of all of sowing machines is not viable without a theoretical 
basis and the knowledge of the physical characteristics of seeds. 
Coefficients of friction are of primary importance. This study, 
which was supported from several tender resources (National 
Scientific Research Foundation, OTKA T 026482, T 037921, 
High Education Development Project, FKFP-0011/2000, Nati­
onal Research Development Project NKFP-4/030) describes the 
methods used and the devices developed to measure the angle 
of repose, inner friction, friction on various surfaces and 
aerodynamics properties together with the measuring results.

Materials and methods

We undertook our experiments on green-peas seeds (Tyrkis). 
Investigations were performed in the analytical laboratory of the 
Department of Agricultural Engineering. The temperature of the 
laboratory was kept at 20 °C, relative humidity varied between 
25-35%. 50 kg/air dry seed was available (for determining the 
angle of repose and the friction properties), which we stored in 
the test chamber for several months prior to the investigation. 
According to sampling standards, we chose 105 seeds for 
determining the size, shape and aerodynamic qualities. The 
moisture content of the samples of 3 x 25 g was defined at 
103+1 °C in the course of 72 hours' drying.
The angle of repose of grains was measured using a topless box 
made of plywood, 300x300mm in cross-section and 400mm in 
height, where the front panel, (with the exception of a height of 
100mm) was removable. The box was filled with grain, then the 
front section was removed quickly but smoothly. By the aid of 
the grain level measurable above the outlet (a) and box size 
vertical to the outlet (b) the angle of repose was calculated on 
the principle of tga=a/b.
A friction-measuring device was developed (Csizmazia et al, 
2001) for measuring the inner friction of grains and the degree 
of slide on different surfaces. The device contains a shearing 
box of two pieces with a cross-section of 200x200mm and with 
an inner height of 60mm. In the course of measuring, the lower 
frame of slight resistance was moved whilst passing over a row 
of ball bearings. An electric motor moved the drag frame with 
the help of diverting switches, back and forth. Between the drag 
frame and the shearing box a flat-link chain driven by a chain 
wheel established the link (closed mesh).
The cell that measured the drag force within the range of 1000N 
was built into the vertical pulling arm of the drag chain. 
Dislocation was measured by an incremental rotating trans­
ducer, producing 2000 signals per rotation. A cell to measure 
the power with the range of 1000N was adjusted to the top of 
the shearing box. Loading was performed with the help of a 
system of arms, with weights placed on the scales, at a gear 
transmission of 25x.

The equipment for the investigation of friction was supple­
mented by a rotating shearing apparatus to measure the inner 
friction. The apparatus consisted of two rings with an inner 
diameter of 400mm, of which the upper ring is fixed and can be 
loaded, the lower ring could be rotated. The diameter of the core 
parts of the ring was 100mm. The planes partitioning the inner 
space of the rings into compartments of 120°. In other respects, 
the apparatus is similar to the shearing box.
An elutriator was designed and constructed (Csizmazia et al, 
2000) which consists of a 865mm long plexiglass vertical tube 
with a diameter of 100mm in which an airflow is supplied by a 
centrifugal fan. The air velocity was regulated with the 
modification of the fan’s rpm. The air flowed from the fan 
through a plenum chamber upward into the 400mm long test 
zone of the elutriator. A lot of holes were bored on the mantle 
of the plexiglas tube along the test zone to decrease the air 
velocity upwards from below about 20%. This allowed the 
formation of a relatively flat air velocity profile in the test 
section.

Results and conclusions

The main characteristics of the investigated sample are in Table 1. 
The average moisture content of the samples is 9,27 %. The 
angle of repose is 29°. The values of friction coefficient (ps) 
measured by slide test and the inner friction coefficient 
(Pi)measured with rotating shearing apparatus are in Table 2. 
The values of the p was measured in 10-40mm range.
The smallest coefficient of friction was measured on glass, the 
greatest on PVC by less load and on black steel by greater load. 
The conclusion is important, because by other seeds was 
measured other results. By Polyak (2001) was measured with 
wheat the smallest coefficient of friction on teflon, the greatest 
on black steel by all loads.
On the Figure 1 is shown the relationship between frictional 
force and displacement, on the Figure 2 the relationship 
between coefficient of friction and displacement, both by black 
steel and by different loads. On the Figure 3 is shown the 
relationship between frictional force and displacement by inner 
friction. The inner friction coefficient increased significantly by 
the beginning of the distance and reached the maximum values 
by 17-18 mm, then decreased gradually.
The aerodynamics properties of the seeds are shown in the 
Table 1. It can be concluded that the air velocity is in close 
relation to mass/maximum cross-section (R=0,847), to mass of 
the seeds (R=0,7925), to the less diameter of the seeds 
(R=0,775), and to the less cross-section of the seeds (R=0,755). 
On the Figure 4 is shown the relationship between air velocity 
and mass/maximum cross-section.
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Table 1 The main characteristics o f the investigated sample

Values Minimum Maximum Mean Standard deviation
D, 5,82 8,27 7,5 0,51
Ds 5,17 7,6 6,62 0,44
D, 4,85 7,23 6,42 0,40
Sphericity 0,84 0,97 0,92 0,02
Mass of the seeds 0,114 0,346 0,253 0,045
Air velocity 10,78 13,94 12,07 0,44
К values 9,21E-0,6 2.03E-05 E71E-05 2,45E-06
Drag coefficient 0,5922 0,7914 0,7169 0,0429

Table 2 Values o f  the friction coefficient (p)

Surfaces
Loading

41 N 67 N 91 N 164 N 287 N 409 N 532 N 655 N 777 N
Stainless steel 0.235 0.227 0.196 0.192 0.217 0.235 0.228 0.226 0.225
Black steel 0.316 0.278 0.282 0.341 0.372 0.356 0.379 0.384 0.414
Bakelite 0.189 0.215 0.242 0.213 0.258 0.279 0.308 0.313 0.323
Plexiglass 0.173 0.229 0.255 0.225 0.249 0.252 0.281 0.283 0.312
Galvanized steel 0.290 0.321 0.292 0.351 0.374 0.386 0.375 0.360 0.377
Aluminium 0.289 0.329 0.298 0.363 0.356 0.375 0.373 0.357 0.364
PVC 0.309 0.385 0.391 0.374 0.387 0.384 0.382 0.365 0.373
Plywood 0.188 0.209 0.204 0.185 0.192 0.211 0.211 0.253 0.213
Teflon 0.240 0.200 0.207 0.191 0.187 0.182 0.171 0.169 0.159
Glass 0.120 0.117 0.121 0.111 0.103 0.121 0.126 0.134 0.140
Inner friction coeff. 0.808 0.620 0.654 0.767 0.772 0.774 0.751 0.758 0.731

Green-pea on black steel plane
at various loading
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Figure 1
Relationship between frictional force and displacement on black steel



Green-pea on black steel plane
at various loading

Figure 2
Relationship between frictional coefficient and displacement on black steel

Inner friction of green-pea
at various loading

Figure 3
Relationship between frictional force and displacement by inner friction

Figure 4
Relationship between air velocity and mass/maximum cross-section



THE ENERGY BALANCE METHOD OF 
CHARACTERIZING SPRAYS FROM HYDRAULIC 
NOZZLES
I. Sztachó-Pekári 
College of Kecskemét

1. Introduction

During the improve of sprinkler and sprayer nozzles there have 
been worked out a few of theories of atomization. Litta YE [1943] 
developed an equation relating drop size, to the velocity between 
liquid and surrounding gas, surface tension, and gas density. 
French [1942] and Akenson [1952] reported that the average 
drop size produced by a nozzle varies nearly as the inverse 
square-root of the pressure. Regarding the physical properties of 
the liquid and their effect, Houghton [1950] stated that the 
average drop-size from a given nozzle is decreased if either the 
surface tension or density is reduced, and that it is not greatly 
affected by viscosity in the range from one to ten times the 
viscosity of water.
Lane [1951] attempted to explain atomization in an air blast by 
means of simplified assumption relating the dynamic drag to the 
surface tension. He came up with an empirical expression. This 
relation resembles the relation of Litt a ye [1943], where the 
surface tension is considered constant and relative velocity is 
used in the relation.
Hinze [1955] found out that the forces controlling deformation 
and break-up comprise two nondimensional groups: the Weber 
group, and a viscosity group.
Faser [1958] gave an empirical relation describing droplet 
surface mean-diameter from nozzles, using the pressure, the rate 
of discharge, and the kinematical viscosity as parameters. The 
use of the nondimensional WEBER num ber at the study of the 
breakup mechanism give him new prospects. He found, that the 
breakup occurs when the Weber num ber exceeds a critical 
value. With the use of WEBER n u m ber it is to write an empirical 
relation for the predicted droplet size too [László A. in Sitkéi 
Gy. ed. 1997].
Akesson -  Yates [1961] mentioned that theoretical considera­
tions of the effect of viscosity on drop size are not very clear, and 
that various observers have indicated that the drop size variation 
with 0.2-1.0 exponent of the dynamical viscosity changes.
V ö r ö s  [1935] measured droplet size from hollow-cone nozzles 
by means of receiving their traces on calibrated blotting paper. 
Resulting spray-cone angles varied according to variations in 
the swirl-chamber depth. Similar measurements were taken by 
El-A wady -  Afifi [1974] by means of receiving droplets in an 
oil bath. L á s z l ó  [1979] analyzed the effect of internal and 
external forces on the droplets and have got theoretical and 
empirical conclusions.
Amberg -  Butler [1969] developed a stroboscopic high-speed 
photographic technique for the analysis of the formation of liquid 
droplets near the orifice of an agricultural spray nozzle. The 
excellent technique developed enabled the authors to four pictures 
of a droplet before escaping the camera range. Results clearly 
showed the liquid sheet, disruption ligamentation, and separation 
of droplets. Photographs show that ligaments -  in general -  
extend laterally and outwardly. Separation of droplets is 
essentially caused by their internal motion relative to the spray 
body.
László A. -  Ganzelmeier, H. -  Pályi В. -  Rietz, S. [ 1998] had 
developed a new laser technique for the analysis of droplet-size. 
They have measured the droplets of different methods of 
atomization, the results are much more precise that were before.

2. Atomization’s theories

It is seen from the above review that there is no unified theory 
to tie up the drop size to affecting parameters, including

pressure, spray-cone angle, and liquid properties: surface 
tension, viscosity, and density. The sought theory should satisfy 
the following conditions:
-  correct dimensions;
-  sound theoretical background;
-  general in the sense that it includes all pertinent factors;
-  applies to existing data.

Such breakup theory is needed to give estimation to droplet size 
in relation to affecting factors. Careful droplet size study is 
essential since it directly deals with such problems as:
-  drift and evaporation from sprays, with the problem of 

hazardous pesticides gaining an even increasing inertia;
-  degradation of pesticides and tolerable time after which 

sprayed crops can be used for food;
-  effect on insects;
-  coverage, penetration, and distribution on different portions of 

plants, soil, and air;
-  spray drying;
-  combustion from burners.

Application of the atomization theory includes prediction and 
control of drop size to meet optimum requirements. Equipment 
designer can take care of variations in nozzle geometry as well 
as spraying pressure and liquid properties. Operators can take 
care of pressure variation as well as liquid properties in some 
cases. Spraying material manufacturers supply materials that 
contribute to drop size control through different physical 
properties: viscosity, surface tension and density. Lately, 
products available include viscosity modifiers. Surface tension 
modifiers include stickers, detergents, and wetting agents. But 
no appreciable density modifiers are known.

2.1. Theory of the energy balance principle

The theory is based on the assumption that atomization can be 
explained by energy balance in a process where a small mass 
Am of liquid (with no, or negligible initial free surface) 
separates radially from the liquid sheet into a single droplet 
under combined effect of viscosity, surface tension, and gravity 
(fig. 1). This equation is given by:

^A nik in  pot ^dropkin  ^ d ro p  ]юt ^dropG  ^ d ro p ц О)

where EAm

E/lm  pot

Edrop kin

Edrop pot

Edrop о 

Edrop p

- is the kinetic energy of Am when it is
within the liquid sheet [J];

- is the in potential energy of Am before
formation of the droplet [J];

- is the kinetic energy of Am when it has
formed into a droplet [J];

- is the potential energy of Am after
formation of the droplet [J];

- is the surface energy of the droplet [J];
- is the energy dissipated to overcome

viscosity [J].

Figure 1
Spray nozzle with a sym m etric sp ra y  cone envelope
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Equation (1) can be written as:

^  я  ■ d3 рц ■ V,2 + i  я- ■ d 3 • pllq ■ g ■ Ah =

= ^  * • d 3 ■ рц  • v22 + n ■ d 2 • er + i  n ■ d 2 • p  •v,

(2)

The relative velocity (y(, -  valr) in equation (6) can be
approximated by the average velocity of the liquid sheet v/ and 
v2 [Sidahmed, 1998]:

v, + v , (9)

where d - is the diameter of droplet [m];
puq - is the density of the spray liquid [kg m'3];
V/ - is the velocity of Am within the liquid sheet [ms-1]; 
g - is the acceleration of gravity [m s'2];
Ah - is the vertical distance between the leading edge of 

the liquid sheet at breakup and the position where 
the droplet is formed [m];

v2 - is the velocity of Am after the droplet is formed 
[m s'1];

a - is the surface tension of the spray liquid [N m'1]; 
p - absolute viscosity of the spray liquid [N s m '1];

Equation (2) can be written as:

d = 12q + 3|i-v, 
Pi„(vi2 + 2gAh -  v2)

(3)

From the equations (6), (7), (8), and (9) the energy-drag energy:

Ea,=F'c^A r= ^ n-d -Pa
/  \ 2n 

V
(v,+v2)2-Ar ( 10)

where Ar - is the radial distance between the leading edge of 
the liquid sheet at breakup and the position where 
the droplet is formed (fig. 1) [m].

Equation (1) can also be modified to calculate the energy 
dissipated by viscosity. The shear energy Edrop p in terms of a 
characteristic velocity ( v r v z ) equivalent to the change in the 
velocity of Am during the separation from the liquid sheet and 
subsequent formation into a droplet, instead of V/ [SlDAHMED, 
1998]. Thus, Edropp becomes:

The lower limit for the minimum diameter (d at v2=0) 
along a radial line is given by: • d 1 • p(v, -  v2) ( П )

D = 12ст + 3ц-у, (4)
p J v ? + 2*M )

Similarly, the upper limit for the maximum diameter Dmax (d at 
v2=v/) along a radial line is given by:

12ст + 3ц-у, (5)
m"  2p% gAh

Note that since V■, <  V,, than F ^ 1 „ и1 ,, „ /a .  whichí 1 . 7 1 H ^
means while the effect of viscosity in equation (2) is 
overestimated for larger droplets, its effect for typical sprays is 
negligible.
When the effective-drag energy ECw in eq. (10) and the 
modified shear energy Edrop fl in eq. (11) are included in the 
energy balance eq. (1), the droplet size becomes:

The above energy balance equation (1) can be improved to 
account for the effect of ambient air during a drop separation 
process, namely viscous drag, air entrainment, drop turbulence, 
and mutual interference of droplets. The effective-drag force 
Fcu acting on a droplet separating along a radial line from a 
liquid sheet can be estimated by:

Fc = \ p « r -C „ -A \v llq- v J  (6)

where pair - is the density of the ambient air [kg m'3];
Cw - is the effective-drag coefficient [ ];
A - is the projected area of the droplet [m2]; 
v/,? - is the velocity of the spray liquid [kg m'3]; 
vair - is the velocity of the air [m s'1].

The effective drag coefficient is given by the following equation 
[Sidahmed 1997]:

where n > 0, - is constant parameter
[]■

Substituting equations (3) and (4) in equation (7) and since 2 h 
« v,2 [Sidahmed, 1998], we obtain:

12cr + 3p(v 2)+0,375p -k — 
v,

•(v,+v2)2Ar

9,iM +2S^h- vD
( 12)

Accordingly, at d=Dmi„ (d at V2 =  0 ) eq. (12) reduces to eq.
(4), and Dmax (d at v2=v2) along a radial line is given by:

12ст + 1,5р„,г -k -v f-A r
2P,,? ' gbh

(13)

3. Supervision of the theoretical equations

Fig. 2 shows the effective-drag (for Ar=0d -  25d) on velocities 
eq. (12) of droplets emitted along the axis (Ф=0 or Ah=Ar). Of 
a water spray (o=731(T3 N m'1; p= l,0I10 '3N s m 2; рцч=1& kg 
m 3) in still air (pair=l,26 kg m 3), assuming valr=17,93 m s'\ 
k=0,67; n=3,5 [Sidahmed, 1997].
Calculations were carried up to 3 pm 500 pm drops. As seen 
on fig. 2, drop velocities were not conspicuous by effective-drag 
when Ar varied from Od -  25d. Flowever, the difference 
between the velocity of the liquid sheet (at breakup) and the 
velocity of the largest droplet increased slightly with Ar. Thus, 
the effect of the effective-drag during separation of liquid mass 
(Am) and its subsequent formation into a drop can be neglected 
for water sprays in still air.
It is worthwhile to mention that drop velocities that are 
extremely close to the liquid sheet velocity can yield unrealistic 
large drop size [eq. (13)]. This means that such remarkably
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Figure 2
Calculated effect o f effective drag on velocities o f droplets

close velocities (which meanly represent drop formation by 
gravity) are very unlike to occur in real sprays.

4. Conclusions

Drop-size/velocity correlation equations were developed based 
on the energy balance method, assuming that a droplet separates 
(from liquid sheet) radially under the combined effect of 
viscosity (p), surface tension (oj gravity (g), and effective-drag. 
The effective drag was assumed to account for the effects of 
viscous drag, air entrainment, and mutual interference of 
droplets in a spray.
Analysis of equations revealed that:
• Compatibility of the energy balance equations requires that 
drop separation be completed at a radial distance (from the 
liquid sheet breakup region) equal to the droplet diameter. This 
requirement is automatically relaxed in the energy balance 
equation.
• The calculated effect of effective-drag (for Ar=0d — 25d) on 
drop velocities was negligible for a water spray in still air.
By this theory not explainable further phenomenon at the drop 
separation will be investigated of the force balance of the acting 
forces of the small mass Am of liquid.
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ALTERNATIVES OF THE DOMESTIC 
AGRICULTURAL MACHINERY MARKET
J. Hajdú -  L. Magó
Hungarian Institute of Agricultural Engineering, Gödöllő

The development requirements of the mechanisation of the 
Hungarian agriculture

In order to meet the requirements of the ecology and the market, 
the Hungarian agriculture needs technical and technological 
renewal. This requires a smooth and balanced agricultural 
machinery market, which takes the needs of both the farmers’ 
and farms’ needs into consideration extensively. The Hungarian 
agriculture’s coverage with engine power is 1.8 kW/hectare. 
The density of tractors and combine harvesters is low. 48.8 
hectares of land has to be cropped by 1 tractor, 1 combine 
harvester has to cover the area of 276 hectares. Compared on an 
international level, these figures indicate a very low level of 
coverage; they need to be increased.
The tasks of developing the mechanisation of Hungarian 
agriculture are dual:
• The improvement of coverage of agricultural machinery, and 

the increase of their density. The establishment of such 
machinery output which is capable of meeting the demands of 
the new structures of technology and property. This makes the 
increase of machine coverage essential, especially in the 
family-owned farms.

• The replacement of amortised and overused machines with 
new ones. The meeting of the demands of the technological 
modernisation.

The supply of the market of agricultural machinery must 
facilitate the realisation of these development objectives in such 
a way that it offers a both technically and financially suitable 
range for the farms willing to invest.

The group of those willing to purchase agricultural 
machinery

The Hungarian statistics have a record of 958 thousand persons 
possessing land and pursuing agricultural activities. 70 % of 
these use an area of land not exceeding 1 hectare. Their need for 
mechanisation is minimal, and thus they could be put into the 
category of hobby. The farms possessing an area between 1-10 
hectares only have a partial need for mechanisation also. From 
the point of mechanisation those 56 thousand farms should be 
taken into consideration, which possess an area exceeding 10 
hectares, among them special attention should be paid to those 
4800 farms whose land exceeds 100 hectares.
51.7 % of the agricultural land is used by individual farms (self- 
employed or small home producers), their average size is 4.05 
hectare/farm.
32.2 % of the agricultural land is used by firms (limited 
companies, partnerships, etc) and 15.1 % of the land is used by 
co-operatives. The average size of land of the former is 
582.4 hectare, while that of the latter is 1226.9 hectare.
43.2 % of the investment into machinery was realised by 
individual farms, 46.6 % by firms and 9.5 by co-operatives.
Due to the process of the concentration of properties, it is 
expected that the number of the farms will fall, and the 
purchasing power of the companies will grow.

The group of those selling agricultural machinery

813 dealers are registered in the catalogue of machinery 
annually compiled by our institution. They range from 
importers with a national dealer network, manufacturers selling 
their own products, distributors covering a certain region and 
other enterprises specialised in a particular range of products.

The bulk of the dealers is made up of small enterprises with 
little capital. 22 % of the dealers are medium-sized businesses 
with their own substantial clienteles, offering services as well as 
products. 6 % of the dealers may be regarded as a major 
enterprise with modem facilities, and customer service.
60 % of the total turnover is realised by 12-15 dealers, which 
have a countrywide sales network.
The dealers cover the whole country geographically, and are 
easily accessible.
The current structure of dealer network is expected to change. 
Due to concentration of capital, the number of major units 
belonging to a particular network and offering better services is 
expected to grow.

The agricultural machinery market supply

The Hungarian agricultural machinery supply offers 55 800 
types and variants of machinery from 1 900 manufacturers. The 
offer of tractors includes 1350 tractor types and their variants 
from 58 manufacturers (19 Eastern European and 39 Western 
European). The range of cereal combine harvesters includes 252 
different types and their variants from 10 manufacturers 
(3 Eastern European and 7 Western European). We can find 
1815 types of ploughs and 1872 seeding machines on the 
market. The number of spraying machines is even higher, 
2664 types and variants are on offer. 44 manufacturers offer 882 
types of mowing-machines. There are more than 1000 types of 
cereal driers available. The number of types and variants of 
milking-machines exceeds 640.
These figure demonstrate that most of the world’s agricultural 
machinery manufacturers are present on the Hungarian market.

Investment in agricultural machinery, the sales of machines

In recent years the Hungarian farms bought agricultural 
machinery to the value of HUF 43 to 104 billion (€178 to 369 
million). Investments in machinery reached a negative record in 
the early 1990s, but they gained momentum and gradually 
increased after the middle of the decade. Apart form certain 
years, there was a dynamic growth. This was encouraged by the 
lack of machinery following the structural changes on 
agriculture and the need for modernisation, and was catalysed 
by government subventions. As a result of purchases of machi­
nery, there were 70 to 130 thousand new machines put into 
operation every year. The number of farms investing in new 
machinery exceeded 30 to 35 thousand annually.
The largest part, 42 to 43 % of the financial resources used for 
purchasing machinery, was made up of the farms’ own liquid 
resources. The rate of bank loans and leasing was 29 to 31 %, 
while that of government subvention made up 25 to 27 %.
The largest value of investments was made up by tractors and 
automotive harvesters (cereal combine harvesters). 54 to 58 % 
of the resources was used for purchasing these machines. The 
remaining part was used for purchasing farm implements, 
irrigation systems, fodder processing machines, materials- 
handling equipment, equipment for animal husbandry.
Over 80 % of the purchased machines was for crop production, 
machinery for animal husbandry made up 7 to 8 %, while the 
remaining 11 to 22 % is made up by the other divisions.
13.8 % of the value of the machines purchased by agriculture 
was manufactured in Hungary, 69.7 % was imported from the 
West. If the number of machines is considered, these 
proportions are slightly different. The share of the Hungarian- 
made machines is 28.5 %, Eastern Europeans make up 4.3 %, 
whereas the Western manufacturers’ share is 67.2 %. Over a ten 
year period the farms purchased annually 3091 tractors. 
However, this varied from 1732 to 596' tractors / year.
This annually purchased quantity makes up only 2.7 % of the 
Hungarian fleet of tractors. If we regard the technical condition
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Years

Figure l
Investment in agricultural machinery — nominal value 1991- 2002 [I €  = 260 HUF]
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Figure 2
The distribution o f invested machinery according to origin

Figure 3
Tractor sales in Hungary (1989 - 2002)

of the Hungarian fleet, the agriculture should double its present 
investment in order to make the tractor capacity sensibly 
improve, and to increase the density of tractors. The bulk of the 
purchased tractors -  over 75 % - belong to the category whose 
performance does not exceed 100 HP.
The yearly sales list of tractors is topped by MTZ/Belarus, 
accounting for over 50 % of the totals tractor sales. 70% of the 
annually sold tractors are made up of Eastern European tractors, 
the remaining 30 % is shared by Western manufacturers, New 
Holland, John Deere, Case-IH, etc.

The annual sales of cereal combine harvesters fluctuates greatly. 
If we take the last ten years for the basis of average, annually 
317 cereal combine harvesters were sold, which is 2.6% of the 
current fleet. Most of the purchased machines belonged to the 
category exceeding the capacity of 10 kg/sec. New Holland, 
Claas and John Deere accounted for the bulk of the sales.
The Hungarian agriculture purchased annually 4300 to 5800 
tillage machines, mostly from Hungarian manufacturers. The 
number of annually sold seeding machines ranged from 720 to 
1260, of which 35 to 40% was made up of row seeders and disc
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seeders. Most of the seeding machines for spiciferous cereals 
was manufactured in Western Europe, whereas the seed-spacing 
drills were mostly made in Eastern Europe.
In recent years Hungarian farms purchased 600 to 1070 
fertiliser units, 1000 to 1700 spraying machines. The sales of 
fertiliser units were dominated by Western European (Italian), 
whereas that of the sprayers were dominated by Hungarian and 
other Eastern European models.
The market of irrigation systems is really slim, the farmers 
purchase 36 to 126 machines annually. The models with which 
the hose could be wound on a drum were preferred, prevalently 
from Western European manufacturers. Among coarse fodder 
crop harvesters 324 to 590 mowers were annually sold, with an 
average of 490 machines/year. The number of sold baler varied 
between 180 and 310 machines annually, most of which were 
rotary balers. The proportion of the sales of the Hungarian- 
made machines is high in both product ranges. The Hungarian 
agriculture purchases annually 340 to 500 trailers, mostly the 
products of Hungarian manufacturers.
Equipment for animal husbandry was sold to the value of HUF
3.6 to 6.4 billion in recent years in Hungary. Out of this 40 to 
43% was used in poultry farming, 25 to 26% in cattle farming 
and 23 to 24% was used in pig farming. The remaining 7 to 8% 
was used in other animal divisions.
The turnover of the sales of agricultural machinery in Hungary 
makes up at most 1.0 to 1.5% of the world’s total output, so it is 
not really substantial. However, for us this market is still very 
important in order to secure a supply facilitating the technical 
renewal of the agriculture. We hope that the most important 
figures of the world market will consider their Hungarian 
customers and they will enhance the Hungarian market supply 
with their presence.

Hungarian agriculture would like to lay a special emphasis on 
the products of the European agricultural machinery producers.
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CHANGES IN SOME INDICES OF CAPITAL 
EFFICIENCY OF FARMS, SPECIALITY OF 
REGIONS
I. Takács
Szent István University, Gödöllő 

Introduction

The economic-social transition in Hungary in the nineties -  
although in a different way but mainly negatively -  changed the 
economic way of thinking of agricultural producers. Most of 
those dealing with agriculture used to focus on efficient 
production but by now they have changed their minds and 
concentrate on social concerns, thus the resources for 
production are not operated economically. Every government 
after the transition -  although focusing on different social 
groups -  tried to get the votes of the politically very important 
rural population — living partly or fully from agricultural income
-  by trying to improve the situation of the high number of new 
owners who obtained their land after the -  conceptually wrong
-  privatization of the property of agricultural cooperatives. As a 
result, there are no efforts made to increase the efficiency of the 
capital injected into the economy through income subsidies, the 
tax system and other subsidies which are used for improving the 
financial situation of farmers. The effects of the above- 
mentioned factors are investigated by using the figures for asset 
efficiency of farms.
The assets of large scale enteiprises which had been developed 
in the 1970’s and 1980’s was not suitable for efficiently and 
economically supplying the new size of enterprises and new 
plot sizes. Machines for large plot production could only be 
used for much smaller plots with a very significant decrease in 
efficiency. In the nineties asset investments could not reach 
their former figures on a real level therefore the increase in 
assets stock was not able to satisfy the extra capacity need 
which origins from the ageing away of assets and a change in 
production structure. As a consequence of the increase in 
capacity need, technically aged and used machines are still in 
operation. Then as a resultant of the two effects machines are 
getting aged. [Hajdú et ah, 1996] [A mezőgazdaság gép- és 
épületállománya 1991-2000.]
Only a small proportion individual farms (which are mainly 
micro and small holdings) own machines therefore they need to 
hire entrepreneurs and draw on their services. This is a rational 
decision from an economical point o f view but those who own 
machines can only operate them at a low efficiency which 
results in a rise in unit costs of operating machines.
If only tractor supply is taken into account, every tenth private 
farmer owns a tractor. [Agriculture in Hungary, 2000] The 
figures are very similar in the case o f other types of assets. Of 
course, it is not recommended that every small farm should own 
the whole range of assets for production but the data shows that 
the shortage of capital is very high.
Based on the above-mentioned facts the competitiveness of 
Hungarian agriculture depends on whether its technical 
development can be implemented or not, or whether the forms 
of cooperation and organizational solutions which are necessary 
for providing the efficiency of the capital fixed in asset stock, 
can be successfully developed and operated or not.
This paper tries to answer the questions as follows:
-  What are the attributes of capital efficiency of farms?
-  What are the differences between the technical supply of the 

regions in Hungary?

To answer the questions some regional data on the balance of 
capacity of the main agricultural machines are presented to 
analyze the regional differences. Statistical analyses show that 
the technical supply of private farms seems to be crucial, thus

the paper -  based on the farm data in the Central Hungarian 
region -  tries to give an overview on the asset supply of private 
farms which produce for the market and the efficiency of capital 
fixed in assets.
It is also important -  from the aspect of the technical 
development concept -  to determine which sphere of farms 
should the resources necessary for technical supply be 
concentrated on.

Material and method

The basis for the analyses of agricultural enterprises in this 
paper is provided by the data having been collected for years by 
the Research and Information Institute for Agricultural 
Economics (AKII). In 1999 the AKII carried out investigations 
on 1300 farms and 1670 in 2000. They frequently reported on 
the results of their investigations [Kovács G. and Keszthelyi 
Sz., 2000], [Keszthelyi Sz. and Kovács G., 2002]. Their results 
show that the income situation of agricultural enterprises is 
different. The profitability of agriculturists and sole 
proprietorships is usually higher than that of businesses -  
mainly cooperatives -  but the volume of the value of production 
by most of the small enterprises is not sufficient to produce an 
amount of profit in order to provide for a family.
The general definition for efficiency is: the maximum possible 
yield by using one unit of a given resource. The gross value of 
production (realized sales revenue) was used for measuring 
capital efficiency; the amount of labour used (in unit of labour), 
materialised labour (material expenditures and depreciation), 
and the value of fixed assets and inventories were considered as 
expenditures. The data origins from balance sheets and profit 
and loss accounts of the farms in the Farm Accountancy Data 
Network.

During the evaluation of the results the most 
important changes for a two year period according to types of 
enterprises and statistical regions were examined.

Results

Investigating the capital efficiency of farms per the natural unit 
of the available resources, it is clear that most of Hungarian 
small farms operate at a lower level of asset efficiency than 
large farms. [Takács I. -  Kovács G., 2002.] At the same time 
during the privatization after the transformation these large 
enterprises obtained used and amortized assets, furthermore in 
the 1990’s investment activity focused on supplying the 
capacity needs of enterprises by cheap and less modern assets. 
The unit -  per capacity unit -  value of capital of assets was 
lower than that of more modern and high value assets. However 
this could be considered as favourable from the aspect of capital 
efficiency. The question is whether this amount of fixed capital 
is sufficient to provide the necessary capital efficiency or not. 
However examining the attributes and the direction of change of 
the capital efficiency of agricultural enterprises the expectation 
-  which assumed that the lower value of capital fixed in assets 
compensate the lower value for asset use and therefore claims 
the capital efficiency of small farms is acceptable -  is not 
proved to be correct.
From the aspect of production the durably fixed capital which 
serves the operation of agricultural enterprises is represented 
mainly by fixed assets while temporarily available capital is 
mainly represented by inventories. Investigating fixed asset 
turnover and inventory turnover (Table 1) the figures for private 
farms are characteristically lower than those for businesses. The 
asset turnover of private farms was between 0.84 and 0.89 while 
for businesses -  including types of enterprises which are not 
included in the table -  it is between 1.75 and 2.78. If we also 
take into account that the amount of fixed capital in private
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farms is only one tenth or twentieth of that of corporate farms 
the problem of efficiency is definitely clear.
Investigating inventory efficiency I found that the situation is a 
bit more favourable: inventory turnover is more balanced. The 
figures are between 2.5 and 3.0 which are the usual figures 
characteristic to agriculture. The average value for inventories 
of businesses is 30-50 times higher than that of private farms. 
The efficiency of labour use is more favourable in unlimited 
liability partnerships and limited partnerships. The gross value 
of production produced by one unit of labour (UoL) exceeded 
9300 thousand HUF in 2000. The efficiency of labour increased 
in every type of enterprise.
Investigating cost efficiency the situation is also balanced. 
Evaluating capital efficiency by regions the data shows that the 
average efficiency of farms in the Transdanubian and South 
Hungarian regions is higher than that of Central, East and North 
Hungary. In terms of indicators for efficiency the Northern 
Hungarian region is in the worst situation where the figures are 
the worst in every category except cost efficiency.

Assesment of results, suggestion

The efficiency problems of Hungarian agricultural enterprises 
mean a significant disadvantage of competitiveness. In addition 
to asset efficiency the efficiency of capital fixed in farms also 
has to be taken into account. By applying the figures suitable 
for measuring capital efficiency it is clear that small farms also 
have problems with capital efficiency in addition to their 
problems with asset efficiency. The efficiency of fixed assets is 
significantly lower than the average of our country’s economy 
and even lower for businesses.
Taking benefit form forms of cooperations could be a possible 
method for improving capital efficiency. Instead of working out 
technical development methods for private and small farms the 
development plans should concentrate on supporting the 
different types of cooperations.
In addition to associations for obtaining machines, machine 
cooperatives and links technical supply based on hired

entrepreneurs is also very important. At the same time technical 
development should focus on modern technology and high 
performance assets.
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Table 1 Indicators for efficiency -  and their changes compared to the previous year -  in 2000 based on the FADN o f the AKII 
according to type o f businesses

Type of business
Number of 

samples 
(pieces)

Fixed asset 
turnover

Inventory
turnover

Efficiency of 
labour use 

(1000 Ft/UoL)

Efficiency of 
operation 

costs

Efficiency of 
materialised 

labour
Altogether 1670 1.85 2.77 6437.97 1.06 1.47

Agriculturists 731 0.89 2.63 4082.09 1.20 1.51
Sole proprietorships 555 0.84 2.75 7170.42 1.19 1.42
Limited partnerships 111 1.95 2.77 9301.46 1.05 1.40
Cooperatives 123 2.78 2.90 5717.25 1.03 1.51

Relative change compared to 1999 (%)
Altogether 29.0 4.4 -6.7 20.4 2.2 2.0

Agriculturists 23.1 10.0 17.6 32.1 2.8 3.3
Sole proprietorships 28.2 8.9 -0.7 16.9 -0.5 1.6
Limited partnerships 22.0 -17.1 -21.8 5.5 -1.2 1.6
Cooperatives 25.5 14.5 -0.2 27.7 3.7 -0.1
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Table 2 Indicators for efficiency -  and their changes compared to the previous year -  in 2000 based on the FADN o f the AKII 
according to statistical regions

Region
Number of 

samples 
(pieces)

Fixed asset 
turnover

Inventory
turnover

Efficiency of 
labour use 

(1000 Ft/UoL)

Efficiency of 
operation 

costs

Efficiency of 
materialised 

labour
South Transdanubia 251 2.39 2.78 7549.84 1.09 1.47
West Transdanubia 269 1.51 2.67 6730.40 1.08 1.56
Central Transdanubia 174 1.98 2.77 6091.82 1.06 1.49
Central Hungary 127 1.52 2.54 5991.45 1.06 1.44
North Hungary 261 1.41 2.25 4649.96 1.04 1.54
North Great Plain 352 1.65 3.11 6666.66 1.06 1.41
South Great Plain 236 2.67 3.22 7418.53 1.04 1.46
Altogether 1670 1.85 2.77 6437.97 1.06 1.47

Relative change compared to 1999 (%)
South Transdanubia 5.5 4.1 -2.6 32.5 5.5 2.5
West Transdanubia 2.7 5.8 -2.8 33.4 3.3 4.1
Central Transdanubia 83.2 14.0 -15.2 8.4 -0.4 -0.5
Central Hungary 0.0 -10.3 1.6 1.7 -0.1 0.8
North Hungary 137.3 -9.1 -35.6 1.7 0.5 6.6
North Great Plain 46.7 24.0 -0.7 47.6 0.7 -1.5
South Great Plain 5.8 13.6 -0.2 22.6 2.2 1.3
Altogether 29.0 4.4 -6.7 20.4 2.2 2.0
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WASTE MANAGAMENT IN THE WOOD 
PRODUCT INDUSTRY
M. Varga -  G. Németh 
University of West Hungary, Sopron

1. Introduction

Clarifications of some strategic, fundamental conceptions are 
required prior to the discussion of waste management in the 
wood production industry. One of the most significant issues is 
to clarify the notion of waste. According to the definition of 
KELLER (1997) the notion of waste means nothing but „raw 
material not at a suitable place“. According to the 
Act.XLIII.2000: waste can be anything defined as in the 
1 .Amandment of the Act.XLIII.2000 the category of waste can 
be outlined as an object or material, which has been rejected by 
its owner or it is to be thrown away or it must be thrown away”. 
It is also important to highlight the question of the increasing 
risks of hazardous substances. It is defined in the act as follows: 
a material is to be understood as a hazardous substance if it 
contains one or more properties as listed in 2. Amandment or its 
origin, composition, concentration endanger human health or 
environment.” That is why definition of the fact whether a 
particular waste is hazardous or not is only a secondary 
decision. First clarification of the fact whether the material is a 
waste or not should be determined.
A further clarification of the notion of waste is required being 
relevant to wood industry.
In the course of the production of the centre product, rising of 
certain by-products is unavoidable. (Edgings, particles, sawdust 
etc.) These by-products -  in that particular production 
procedure or in other one should be regarded as initial materials 
or raw materials representing full value. This sort of centre 
product attitude- (being prodigal but dominant) focused product 
management must be cancelled. Raw material prices, energy 
prices but first of all risks of environmental pollution call for the 
launching or adoption of new technologies to reduce 
unfavourable waste.
Generally the originating by-products cannot be replaced into 
the original production procedure but professional product 
management can settle the condition of replacement of the by­
product to another production procedure as a raw material 
representing full value.
(An excellent example is the utilization of wood- based by­
product materials available in a huge quantity.) Further 
utilization of by-products can also be justified since 
management, treatment and destruction of waste materials is 
very expensive.

2. Guidelines of waste management

Waste management can be defined as a deliberate human 
activity to take certain precautionary measures to reduce or 
eliminate originating waste materials, and to take all possible 
measures to utilize the unavoidably originating waste materials. 
Further management and environmentally friendly waste 
disposal of the residual waste is required. [2.]
The most important objective is to reduce the quantity of the 
utilized raw materials and the originating waste materials as 
well. The unavoidably originating waste materials should be 
partly or totally recycled. The residual waste materials should 
be treated and professionally allocated.

2.1. The most important aspects of waste management in the 
wood industry

-  Reduction of energy and raw material consumption, 
increment of the efficiency of utilization

-  Reduction of the quantity of waste materials, adoption of 
natural resource efficiency policy, minimizing loading of 
wastes in environment, minimizing pollution, prevention of 
pollution with minimizing originating of waste materials (the 
possible most efficient utilization of natural materials, 
creating long lasting and recycle-able products.)

-  Reduction of the quantity of the waste materials, reduction 
the hazard of the wastes’

-  Efficient utilization of the originating waste, waste should be 
involved in the production-consumption circulation, 
environmentally friendly waste disposal of the non-recycle- 
able waste.

-  Reduction of loading of waste on human health, natural and 
artificial environment.

2.2. Treatment of wood industrial waste

Figure 1
Priority o f wood industrial waste treatment [5]

There are several methods available of waste management and 
treatment of wood industrial waste. The sequence and priority 
of the possible procedures can be modelled as shown in figure 1. 
The treatment of wood industrial waste is designed to produce 
the least possible quantity of waste. It means that minimizing 
the originating waste is to be supported. That particular part of 
the raw material, which is about to become waste costs a lot that 
is why it should not be regarded as a value to be written off. On 
the other hand collecting, transporting, storing and disposal 
waste is also very expensive, representing significant losses. 
That is why launching environmentally friendly technologies is 
indispensable.
So as to prevent originating waste, to reduce its quantity and to 
eliminate its hazard the following factors should be taken into 
consideration:
-  Application of energy efficient and raw material efficient 

technologies, minimizing originating waste
-  Involvement of raw material in production -  consumption 

circulation
-  Manufacturing products with the outcome of the waste 

material in the possible least volume and mass, posing no 
environmental risk

-  Selecting the raw material being non- hazardous substances

2.2.1. Prevention and reduction o f originating wood industrial 
waste

The procedure of prevention consists of two significant strategic 
components:
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______ I ______
Product Modification:

- product modification

- more lasting 
utilization

- modification of 
product-comp.G6

_______ I _________
Production Technology 
Modification:

1. Other raw material:

a. ) material clearing

b. ) completion of other 
materiás

c. ) environmentály friendly 
materiá utilizat.

2. Other Methods of 
Production

a. ) Operationá 
Modifications

b. ) Equipment 
Modifications

c. ) Automation

d. ) Norm-Modification

3. Careful Ongoing 
Operation:

a. ) Organizáioná 
Measures

b. ) Avoidance of Losses

c. ) manegeriá methods

d. ) waste separation

e. ) utilizáion of better 
quáity materiás

f. ) logistics

ting of waste, to pose the possible least risk on the environment 
and it is also required to be economic and profitable.
Prevention policy can be evaluated as an advantageous one 
since it reduces the potential environmental risks, it proves to be 
cost effective as far as waste treatment policy is concerned. It 
also stimulates the application of up-to-date technologies. So 
prevention policy seems to provide some reasonable, positive 
attitudes, and this recognition proves that there is no 
contradiction between environmental protection and efficacy, 
which is often said to be.
The most significant objective of the waste management in the 
wood industry should be to implement the utilization of the 
50% of the wastes originating. Waste disposal of waste can only 
be supported if there is no real chance of the utilization or 
recycling with any methods available.

2.2.2. Methods o f treatment o f wood industrial residue

Collection, selection.
This operation is the most important one as far as the future of 
the waste is concerned. There are two methods available:
a. ) Mixed
b. ) Separated

Pre-treatment
Figure 2 Methods ofprevention and reduction o f waste 

material originating [4.]

-  product prevention
-  technological prevention

Prevention should be in a close connection with the product or 
its characteristics. Minimizing the risks of environmental 
pollution should be taken into consideration in the course of 
production , in the phase of the utilization of the product and 
also in that final phase when the product is being treated as a 
waste material. The prevention at the technological level should 
highlight the development of the application of purity 
technologies resulting in waste economical management 
Workshop management, sophisticated operational methods, 
energy saving policy and application of less hazardous 
substances should also be involved.
On the basis of the previous experiences that particular finding 
can be concluded that there is no general method available in 
the industry, which an overnight would be able to provide the 
particular technology resulting in significant reduction of waste 
emission. The new technology is required to reduce the origina-

The real function of the pre-treatment procedure is to modify 
the unfavourable characteristics of the waste in order to achieve 
a better condition of utilization of the following phase of the 
production. The available examples in the wood industry are as 
follows:
-  Chopping wastes
-  Briquetting, pelletting ( energy consideration)
-  Drainage (materials with high water content - eg.:silts-) 

drying or mechanical way
-  Selection of liquid and firm phases
-  Neutralizing acid and alkaloid substances
-  Burning of organic substances and other burnable, 

defibrating ( pyrolysis)

Transition-Storage
To eliminate time sequence differences transition storage is to 
be applied.

Transportation
One of the risk factors of transportation is the dissemination of 
dangerous substances, the other one is misplacement of the 
waste.
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Figure 3
General scheme o f wood industrial residue treatment [1]

Waste disposal
It is the final phase of the waste management. Two possible 
methods Eire available:
-  recycling of waste, or recycling combined with disposal
-  final waste disposal

2.2.3. Rules and regulations o f waste management

According to the legislations there are three crucial factors as 
follows:
-  record keeping of waste management at the premises
-  storage, treatment and transportation must be authorized
-  tracing and reporting waste from origin to disposal

3. Wood-residue

There are several methods available for the cluster analysis and 
classification of industrial wood by-products. The most 
prevalent ones are the categories applied by Vorreiter. These are 
as follows: place of originating, size, transportation, storage, 
wood species, purity and homogeneity and moisture content. 
Meanwhile the domestic raw material stock and the imported quan­
tity — (which is relevant to 8-9 million m3 round wood /annum is 
being processed 2,5-3-3,5 million m3 waste / estimated value) is

originating. This tremendous quantity highlights how significant 
issue the waste management is.

Table 1 waste o f 1 m3 round wood [7.J

Sawmilling industry 35-40%
Veneer-plywood industry 50-60 %
Furniture component production 65-75 %
Window-door production 60-70 %

Wood based residue management has not been implemented in 
Hungary. As far as the question of bark and sawdust is 
concerned an energetically supportable utilization is to be 
backed -  even after the procedure of briquetting. As far as the 
chunky waste materials are concerned fibre and wood particle 
board production should be favoured.
Both the raw materials originating from domestic forests and 
imported ones are dominantly processed by the sawmill 
industry. Waste from felling and waste from the sawmill 
industry represent more than % of the total waste. Since the 
sawmilling industry’s 50-60% yield is regarded to be very-low, 
that is why a plant by- product row material originating and it is 
utilization require very special attention.
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Table 2 Plant by-product composition o f the sawmill industry 
and building joinery

By-product composition of sawmill industry
Denomination Volume %
Chunky waste 55,1

Sawdust 22,4
Particle 10,4

Peeled bark 12,1

By-product composition of building joinery
Denomination Volume %

Particle 49,8
Sawdust 18,4

Mixed: particle+sawdust 12,7
Chunk and edging wastes 14,6

Technological waste 2,2
Board trim 2,3

Basically the wood material resulting from primary wood 
production should be regarded as a product of the edging 
operation. It originates in the procedure of splitting of wastes, 
cross-cutting, edging and it consists of sawdust and bigger 
sized, solid off cuts. These procedures are followed by a 
secondary wood production in which some further by-products 
originating particles in the course of cutting, chiselling, drilling 
and sander dust in the course of sanding.

4. Non-wood based waste

4.1. Preservatives, adhesives, materials for surface treatment, 
sealers and their waste

Preservatives applied in wood industry contain or do not contain 
organic compounds, there are metal-organic compound 
preservatives, inorganic compound preservatives, preservatives 
containing hazardous substances, and other preservatives are 
applied identified as hazardous substances by the Act. 16/2001. 
Ministry of Environment.
-  Waste of adhesives and sealers ( it is regarded to be a sort of 

a hierarchy)
-  Liquid waste containing solvent type preservatives, other 

toxic substances, adhesives, sealers
-  Liquid silts and silts containing solvent type preservatives, 

adhesives, sealers
-  Waste originating from the application and trading adhesives 

and sealers (dewatering materials are included )
-  Waste originating from application of sealers and adhesives 

containing hazardous substances
-  Other different non hazardous waste

Other materials for surface treatment such as dyestuffs, 
combined materials, varnishes, enamels besides their own 
wastes may result in waste originating in sewage and in 
different packaging material waste as well.
Some of the waste originating from the application of surface 
treatment technologies contain or do not contain solvent type 
preservatives or other hazardous substances of varnish or 
dyestuff, which materials create silts containing hazardous 
substances. In case that particular silt contains solvent types of 
preservatives it must be recorded to be hazardous waste. 
Research has been designed to find out the truth about 
hazardous waste. Findings have proved that more than half of 
the materials applied has been proved to be hazardous 
substance.( solvent type preservatives, inorganic preservatives, 
silts containing varnish and dyestuff. It means that management 
of the non -wood based wastes represents a lot more difficult 
job for the wood industrial companies than the management of

wood based waste. To crown it all the waste of wood materials
-  treated with hazardous preservatives -  must be recorded as 
hazardous substances.

4.2. Waste materials originating from packaging

According to the regulations of the Act. 16/2001.issued by the 
Ministry of Environment definition of packaging waste are as 
follows:
-  paper and card box packaging waste (fluting medium)
-  plastic packaging wastes (foils, plastic bottles)
-  wood packaging waste (palettes)
-  metal packaging waste (e.g. aluminium straps etc.)
-  mixed composites of packaging waste

In case the above listed materials are contaminated with 
hazardous substances their waste should also be recorded as 
hazardous waste.
Originating packaging waste should be regarded not a 
significant one since the yield of recycling packaging materials 
is satisfactory. (Except metal and plastic straps, and waste of 
vacuum foils.)

4.3. Waste originating from the operation and maintenance of 
machinery

In the course of the ongoing operation of wood machinery the 
originating waste are as follows:
-  oily, greasy rags, different wiping materials
-  solvent sediment(applied while cleaning)petroleum, gasoli­

ne, petrol and their impurities
-  sediment, silt originating from alkaline fat dissolvents
-  waste engine oil originating from base machines, engines, 

bearings,
-  dye residue
-  hydraulic liquid or oil originating from hydraulic structures
-  grease and oil packaging materials, boxes

There are some other non-defmed absorbents, wiping clothes, 
filters, protective clothing, which represent values of safety 
control rather than maintenance.

4.4. The general types of hazardous waste

The following items of priority have been carried out according 
to experimental observation:
-  Materials containing mineral oil, oil and silt originating from 

oil-separating equipment
-  Dyes, paints, varnishes, lacquers, pigments
-  Resins, latex, softeners, glue, /adhesives,
-  Batteries and other electrical cells
-  Residue from containers and substances originating from 

cleaning other equipment
-  Residue originating from operations having been designed to 

prevent pollution(e.g. dust collected in dust-filters)

Having a look at the items above a very easy conclusion is to be 
drawn: almost all of the residue contain oil. That is why all the 
wastes should be labelled as hazardous waste so their 
registration and storage should meet all the necessary demands. 
The only exception is MOFA(Wood Working Company in the 
west of Hungary ), where fibreboard production results in a 
tremendous quantity of hazardous substance. In that particular 
situation a local pre-treatment is the best solution.

5. Analysis

The most significant characteristics of waste management in the 
wood industry in Hungary are as follows:
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-  The quantity of the originating waste has been increasing, so 
has the quantity being disposed. The efficiency of waste 
management has been developing but the current situation 
can not be concluded to be satisfactory.

-  The regulation policy of waste management is not suitable
-  The yield ratio is low but compared to other industries its 

ratio is relatively better since the efficiency of utilization of 
wood residue, wood -based materials, wood products are 
much better both in energy generation and recycling.

-  Unfavourable economic conditions.

6. Solution

6 .1. Recycling in the wood industry

As far as recycling is concerned three crucial factors should be 
taken into consideration:
1. Collecting and recycling waste at the local level of wood 

industrial workshops can only be supported if it is 
economical, in the very case if the plant by-product is 
cheaper than the primary one.

2. Collection and recycling of waste can be described as an 
economical one at industrial level if the costs of waste 
collection should be covered by the costs of plant by­
products and the costs of recycling is lower than the costs of 
collection and waste disposal.

3. Ecological viewpoints should be seriously taken into 
consideration: environmentally friendly technologies should 
be applied even if these technologies are more expensive.

4. The most essential aspects of recycling are to be shown in 
the figure 5.

The next figure was designed to display the procedure of 
recycling of worn furniture and particleboards. This technology 
is mainly widespread in Germany.

6.2. Energy utilization

Energy utilization is as old as mankind. Nowadays -  after a 
relatively long period of being put aside -wood material seems 
to be loaded with a very significant job to replace those energy 
sources, which have been regarded to be indispensable to 
human energy consumption such as coal, petroleum and nuclear

energy. But nowadays these energy sources are exhaustible 
resources on one hand and are considered not to be 
environmentally friendly on the other. That is why wood based 
energy resources (dendromass) should be dynamically 
supported.
Almost all the by-products in the wood industry is applicable 
for energetic utilization. These materials should be collected, 
which is a very significant job and a large quantity of energy 
input is required. Its fuel value is only 3 -8  (10) %. [1.]
The most efficient ways of energy generating are as follows: 
Direct burning, in Original status, Homogenizing preparation 
after chipping, Compaction after briquetting, Pyrolization, 
Hydrolysis, Hydrogenizing[6.J

6.3. Elimination of hazardous substances

The best way of this particular environmental policy strategy is 
to transport waste and bum them in waste burners. In the course 
of our research we have experienced some very interesting and 
pleasing technological solutions. For example synthetics 
hydraulic oil was applied to grease transporters.
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Figure 5
The circulation o f the carbon (C) closed up in wood 

(atmosphere —forest -  wood product — atmosphere ) and the 
correlation between the carbon C) and the wood material. [5.]
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EXAMINATION OF FALSE HEARTWOOD 
FORMING IN BEECH TREE IN THE WOODS OF 
SEFAG RT.
J. Rumpf- В. Bíró
University of West Hungary, Sopron

What is false heartwood?

Heartwood: “Inner zones of the wood, which do not contain 
living cells anymore in the standing trunk, and where spare 
nutrients (eg. starch) are generally disintegrated or transformed 
into heartwood formatting material.. It often looks darker 
than the sapwood (heartwood stain), though a difference in 
color is not always visible (intermedier tree).”
Beech (Fagus sylvatica) belongs to the facultative heartwood 
producers, and often forms red heartwood in advanced age. 
Heartwood forming is a long time process, in Hungary it 
appears between the ages of 70-120 years. It is a physiologi­
cally normal process that is related to the age: thyllis forming 
of the trachea system, moisture reduction in the wood, degene­
ration of nucleus and mithocondrium at the parenchyma cells, 
hydrolysis of starch, formation o f heartwood formatting 
material. The wood becomes dark because of the implantation 
of heartwood formatting material.

Attributes of the false heartwooded wood

There are a lot of delusions about the false heartwooded beech 
wood. The followings bust be pointed out:
-  the physical and mechanical traits of the false heartwooded 

and white wood are almost the same, in some traits the false 
heartwooded part is even better,

-  its wearing qualities are 25—30 %  better than “normal” 
wood, which means that false heartwooded wood is a lot 
more advantageous for parquet flooring, coverings, and for 
table surfaces,

-  can be dried with almost the same technology as “normal” 
wood because of almost similar sorption qualities,

-  with proper steaming the color difference can be favorably 
homogenized,

-  can be glued excellently, its shear strength is 5-7 % higher 
than the non false heartwooded wood,

-  does not have fungal infections, can be used for interior 
purposes.

Drawbacks: worse permeability because of thyllising, incre­
ased danger of “card-like” separation, increased warping and 
splitting.

False heartwooded beech as material for sawmilling industry

In Hungary at sawmills that process deciduous tree species, 
beech is 22 % according to the species composition of the used 
wood. They produce basically unedged sawnwood and parquet 
strips, but the amount of edged sawnwood is also significant. 
Meaningful fart of the products is marketed abroad.
The false heartwood as a special feature of tree species is still 
clearly a devaluating factor today: it radically determines the 
quality of logs and products.
The significant difference in value between the wood of the 
“white” and false heartwooded beech is a problem all over 
Europe. In a number of countries efforts had been made to take 
against it by marketing campaign, or by public relations. Results 
are few.

Possibilities to determine false heartwood on the living tree

Today the false heartwood research is given more and more 
attention. One of its most important elements is the identi­

fication of false heartwood on the living tree possibly with the 
least destruction. The destruction-free examination of the inner 
condition of a living tree is of great economical significance. 
Great efforts have been put into this section of wood exami­
nation in our country, as well as in German and Swiss Univer­
sities.
At present the testing of the following ideas is in process:
-  “Vitamat”: An instrument developed by the professors of 

the Zurich University for the measuring of electric conduc­
tance. The determinant elements are: water content, ion 
concentration and temperature. It takes about 15 minutes for 
two persons to make an examination.

-  “Electric resistance tomograph”: A research project of the 
Göttingen University. The instrument measures electric 
resistance through the 3 mm thick pins put in the xylem.

-  “Sylvatest”: Had been developed at Lausanne Forestry 
College. Works with the use of ultrasound.

-  “Computer tomograph”: This method meets the best with 
the requirements for anti-destruction, but is very expensive 
and slow. Its industrial use is not yet accomplishable.

Examination of beech false heartwood forming in the forest 
resources of Sefag Rt.

The purpose of doctoral research that started in 2000 was to 
examine the complex problems of false heartwood forming. The 
research involved a larger district.
The research has been taking place in the beech sites of the 
Somogyi Erdészeti és Faipari Részvénytársaság (Somogy 
Forest and Woodworking Corp.).
Forest management units that were involved in the research:
-  Kaposvár Forest Management Unit
-  Igal Forest Management Unit
-  Zselic Forest Management Unit
-  Iharos Forest Management Unit

The amount of survey samples involves almost 2000 pieces of 
tree-trunks, which had been examined in almost 40 forest 
subcompartments.

Purpose o f the research:
-  Determination of the possible ecological parameters that 

may influence the false heartwood forming.
-  Establishing the amount of false heartwood, measuring the 

caused difference in the assortment structure.
-  Costs and earnings analysis on corporation level, examina­

tion of income reduction.
-  Determination of economically optimal age of maturity and 

optimal final cutting target diameter.

Sawmill examination:

While examining the economical effects of false heartwood 
forming it is very important to get to know the aspect of the 
primary wood processing as well, so measurements were made 
in the Csurgó Sawmill of SEFAG Rt. The purpose would 
primarily be to find out the possible conversion ratio taken as a 
function of false heartwood forming.
The lesson drawing from the experiences about test production 
focuses primarily on the visually observable traits of the false 
heartwood, that have significant affects on the quality of the 
finished product.

Results

According to the processed datas we can state the followings:
-  There is no false heartwood forming until the forest resource 

is 60-70 years old (diameter at breast height: 25-30 cm), 
after this age the false heartwood appears. Above this age
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the amount of false heartwood exponentially grows, reaching 
100% over the age of 110 years.

-  The most important factor in the growth of false heartwood 
is diameter (horizontal expansion) age and tree height 
(vertical expansion).

-  Abnormal (sick) false heartwood appeared in a very small 
degree in the beech forests in Somogy.

-  The loss of value because of false heartwood -  modeling the 
best stands -  can reach 3,400-6,800 HUF/gross m3.

-  The average loss per hectare at mature layer of trees (100-120 
years, when the average diameter at breast height reaches 45- 
50 cm) is 4,4-5,1 million HUF.
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Chart 1
Change ofprofit due to false heartwood forming

Our results compared with the parameters considered to be 
significant by forestry such as biochemistry, genetics and

others, make it possible to make meaningful conclusions to the 
whole of beech management thus contributing to the pressing 
back of false heartwood formation.
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APPLICATION OF PRISMS FOR SOLAR 
COLLECTORS
I. Patay -  Gy. Babák
Tessedik Sámuel College, Szarvas

Introduction

There is a wide range technical and technological 
instrumentation, which can be utilized, in the direct solar 
applications. The level of energy concentration is essential from 
point of view of application as it basically determines the scope 
of adaptability. The caloric systems based on light extinction 
play an important role in the low temperature range heat energy 
supply, while the photo-electric or rather thermo-electric solar 
panels act mainly as local energy sources in the electric energy 
supply.
It has been well known for a long time that the electrical 
radiation can be concentrated on a high level. The lenses are the 
typical concentrators but they are highly dependent on direction 
of light. The flat mirrors and the parabolic mirrors, used widely 
as solar collectors, are similar to them [1].
The prisms are known as ray-dividing and dispersion optical 
devices. However at some conditions, they can be applied as 
concentrators e.g. in solar collectors. Hereafter these conditions 
will be determined theoretically.

Materials and methods

In the physics the prism is interpreted as a triangular, prism­
shaped solid body. In mathematics the prism is simply a prism 
shaped body with an arbitrary cross-section, congruent base and 
top as well as planesides. In our interpretation the prism is such 
a geometrical body, the cross-section of which continuously 
decreases along its optical axis towards the direction of light, 
and its surface can be both a plane surface and a curved surface 
of any kind. Accordingly a great variety of geometrical prisms 
can be developed (Figure 1). Any optically transparent material 
can be used for the monolithic solid material of prisms, which is 
characterized by the absolute index of refraction.
The base of prisms is used as a collecting surface while the 
much less opposite surface is used as a concentration surface. 
An optical fibre was joined to the concentration surface to lead 
away the light.
The dimensions of prisms are theoretically arbitrary but it is 
expedient to choose such geometrical dimensions, which are 
much bigger than the wavelength of light. The different cross- 
section prisms, besides their dimensions, can be different in

their cone angle or (in case of prisms covered by planes) angle 
of intersection. The cone or intersection determines the 
theoretical scale of concentration, which is interpreted as the 
ratio of the collection and the concentration surfaces. For the 
sake of simplicity, a two-dimension model, developed as a 
central cross-section of a cone prism, will be studied hereunder. 
If the dimensions of a prism are much bigger than the 
wavelength of infrared range of solar radiation (1-2,5 pm), the 
propagate of rays can be studied on the basis of axioms of 
geometrical optics [2,3].

Results

First we will study the case when the incidence of parallel light 
beams is orthogonal to the collector surface of the two 
dimensional prism developed from the planar section of a cone 
prism. If one wants all the beams to be collected in the optical 
fibre in an ordered form, it is necessary to maintain very strict 
ratios between the geometrical characteristics of the prism. As it 
is shown in Figure 2 the light does not step out on the side 
surface if the angle of descent (y) smaller than the angle of 
capillarity interpreted for the crossover between the prism body 
and its environment (ah). From point of view of light 
concentration the most favourable situation occurs if any light 
beam arriving to the collector surface after optional number of 
reflections, reaches the surface of the optical fibre (here denoted 
with ‘d’) by such a way that the angle between the light beam 
and the axis of incidence is less than the angle of capillarity:

ß < c t h.

If only one reflection is allowed, based on the limit case 
ß < a h and at a given ’h’ height of prism, the diameter of the
collection surface will be the following:

D = 2x + d [m] (1)

where from the triangle based on the propagate of rays of the 
outermost light input is

X =  d
1

tg°4
- tg 45°

\

У

2 )

[m] ( 2)
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Figure 1
Simple prisms as concentrators



while the cone angle of the prism is:

(3)

while the general relation for the geometrical ratios is the 
following:

: 90° - a h, where
1sin a h = n 12 = ----

n 2i

if n 12 is the index of refraction of the material of prism to the 
environment and n  ̂ is its reciprocal (e.g. for the glass-air

transition nM =1,5, a h =42° )
Based on the equations (2) and (3) the relationship between the 
three geometrical and CX h optical characters is the following for 
the borderline case:

D - d
[m] (4)

(The borderline case means that in case of such geometrical 
ratios, any light beam reaching the collection surface of the 
prism orthogonally, deflects towards the optical fibre joined to 
the prism, and the light flux in the optical fibre consists of 
parallel light beams.)
The concentration in a borderline case is the following:

к =

f
2h-tg

d

V

+ 1

V у

(5)

Figure 2
Propagate o f rays at right angles o f incidence

The result gained in equation (5) can be generalized. If z 
number o f reflections is allowed, the available concentration is:

к =

/
2htg

d

V

+ 1

V У

( 6)

h =
D - d
90° - a k [m]

2tg-
2z

(7)

In case of geometry shown in equation (7) there is a special 
dispersion of light flux in the optical fibre: in the core of the 
optical fibre, the Ф light input can be measured on the collecting 
surface, while on the curved surface of the fibre there is a much 
bigger, so-called peripheral or line luminous flux as follows:

A A D2 - d 2 d / лф = Ф • 7i-----------= Ф —(k-1)
4d n 4

( 8 )

In general (o(a(90°) the route of light ray in the prism 
depends on the geometry of the prism i.e. it depends on the 
point where the rays reach the collecting surface. In this case 
the points of incidence -  from point of view of advancement in 
the optical fibre -  are not equivalent. The direction of rays 
passing through the concentration surface (cross section) 
becomes disordered, the rays pass through the optical fibre 
joined to the prism mostly by reflection. By the increase of the 
angle of light less and less rays pass from the prism to the 
optical fibre. One of its reasons is the dispersion of the light at 
the wall of prism. This loss can be avoided if the sidewall of 
the prism is covered by a catoptrical material (e.g. it is 
mercurated).
Another reason is that because of prism geometry, the speed 
component of rays moving towards the optical axis, decreases 
in each reflection as a result of rules of reflection.
Thus the equation (8) is the following for the general case:

Фг = O co sa  — (k-l)R (a) w
m

(9)

The R (a) function for a given prism geometry can be exactly 
determined by the use of Fresnel formulas [4], or can be drawn 
based on measurements, ф is the average cross-sectional light
conductance of the optical fibre in the equation.
Based on similar considerations, the ratios between the 
geometrical features of prisms of other shape can also be 
determined and the propagate of rays can be studied.

Applications

Theoretically it is possible to construct collecting surfaces of 
optional size and dimensional structure by use of the above- 
mentioned prisms. The collector constructed of many collecting 
prisms can be utilized either in optical or in thermal systems 
[5,6].
The advantage of the optical system is that the energy can be 
directed from the collector to the site of utilization in its original 
form without transformation and auxiliary power (Figure 3). 
The dispersion of material of light cables used for guiding of 
light is wavelength dependent therefore it could be useful to 
grade the collected light energy according to the wavelength 
range e.g. by the help of optical catchers/filters then direct it to 
the users [7].
The main advantage of use of thermal collectors is that the 
operational temperature range can be highly increased because 
of concentration of light. The liquid container of the collector 
absorbs the solar energy similarly to the absolute black body 
and hot points are developed around the prism chunks (Figure 3.b.).
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Figure 3
Optical (a) and thermal (b) applications o f prism-type collectors

The transparency of the liquid container is optically limited 
from inside, and the thermal radiation is available only through 
a surface proportional to the concentration surface. In the 
interest of high efficiency, optical characters of the absorbent 
material (liquid) are also important. The aim is the total 
absorption of light not depending on the wavelength. It can be 
realized e.g. by use of optically ’black’ liquids.
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COMPARATIVE ENGINE TESTS AND 
ENVIRONMENTAL EFFECT ANALYSIS OF 
FUELS MADE OF ANIMAL FAT AND VARIOUS 
KINDS OF PLANT OILS
L. Jánosi1- J. Háncsok2 -  F. Kovács2
1 Szent István University, Gödöllő
2 University of Veszprém

1.Introduction

Many organizations have been dealing in Europe with 
renewable energy sources based on biomass with growing 
activity since 1988. We can say that all of the EU member states 
are committed using alternative fuels [1, 2]. Production and 
application of biological fuels is free opportunity on the market, 
and their use serves several purposes at the same time. For 
example it is a source for supporting agriculture, it reduces 
Europe’s dependence on other countries con-ceming energy 
supply, it has a favourable effect on the environment, upgrades the 
C02 manage-ment of the atmosphere etc.
Although remarkable steps have not been done in this topic in 
Hungary during the past dec-ade, there is a need to deal with the 
production and use, because after Hungary joins the EU, the same 
regulations will be valid as for the present member states. On 
this field we have a quite big lag, comparing Hungary even to the 
other countries which will join the EU together with us.
In this essay we only deal with the use of biodiesel, of the fuel 
produced from renewable energy source. Furthermore we only 
survey the recycling of used frying oils and animal fats. Serious 
research work is carried on in the topic from the 80’s. Nye and 
his colleagues [3] pro-duced the first quantity testable in 
laboratory and carried out the first motor tests in 1983, then 
Mittelbach and Tritthart [4] continued the researches in 1988. In 
1992 Mittelbach and his co-workers were the first to perform 
processing, transesterification and laboratory tests using 
samples derived from 13 different sources. They graded the 
fuels by analysing many properties of the products [5], and they 
compared the results to the current biodiesel regulations being 
valid in Austria.
We worked out a system in our department for grading fuels 
based on the tests included in the standard ECE R-49. During the 
investigations we applied the so-called 13 points measure-ment 
combined with the analysis of exhaust gas and with engine 
indication. The method can be studied in details in the report of L. 
Jánosi, D.R. Ess, H.G. Gibson published in 1996 [6].

Considering that used frying oils and other residues of the food 
industry are already classi-fied in Hungary, too, as dangerous 
residues, analysis of the circumstances of their utilization and 
consideration of the possibilities is nowadays an actual task. For 
this reason we carried out chemical, energetical and 
environmental examinations, and the results of these can be seen 
in this essay.

2. Material and method

2.1. Used frying oil: dangerous waste or industrial base 
material?

First of all, the question may be raised whether we are talking 
about a dangerous waste or a raw material for the industry. 
According to the actual Hungarian laws the used frying oil be­
longs to the dangerous wastes, that must be collected separately 
and eliminated under attested circumstances. On the contrary, 
used frying oil residues still flow into the public drains.
On the other hand, most of the collected oils are used for animal 
forage. However, there are further options, too, for recycling 
used frying oils. The simplest is for example elimination by 
burning. Further application can be production of soap by 
hydrolysis or after appropriate purification use as lubricating oil 
or hydraulic oil. About some details of the latter application can 
be read in the report of L. Jánosi and N. Józsa (1999) [7].

2.2. Basic physical and chemical characteristics of the 
collected base materials and of the processing technology

We collected the base materials used in the experiments from 
various households. Con-sidering that there is no standard for 
the quality of used frying oils, we did not adapt any regu­
lations, the collection of the samples was coincidental.
We pretreated some of the collected samples (from G-l to G-5) 
as it is shown in Table 1.
The technology of transtransesterification was discontinuous, that 
is a definite quantity (25 dm3) of oil containing cosolvent was 
heated to 40-60°C, and the catalyst (aicd/basic), in two parts, 
previously dissolved in methanol, was added under continuous 
mixing at constant temperature. After transesterification the 
residues of alcohol were removed by distillation and those of 
the catalyst by filtration. After decanting, the product was 
convenient for use in engine.
Before using them in engine, the physical and chemical 
characteristics of the produced materials were tested. The 
results of the tests can be seen in Table 2.

Table 1 Identifying data ofplant basedfuel samples and some important characteristics o f the transesterification
Code of the 

sample
Name of the 

sample
Primary

treatment before 
esterification

Place of 
esteri­

fication

Temperature 
of esterifi­

cation

Amount of 
methanol

Amount of 
catalysts

Period of 
mixing

Period of 
decanting

N G-l
Sunflower 

methyl ester 0
Insulated
laboratory
esterifier

40-60°C 0.15 dm3/dm3 15 g/dmJ 30-50 min 1.5 hours

К G-2
Hardly soiled 
used frying oil

Decanting,
filtration

Insulated
laboratory
esterifier

40-60°C 0.15 dnvVdm3 15 g/dm3 30-50 min 1.5 hours

T G-3
Less soiled used 

frying oil
Decanting,
filtration

Insulated
laboratory
esterifier

40-60°C 0.15 dnvVdm3 15 g/dm3 30-50 min 1.5 hours

R G-4
Rape-seed 

methyl ester 0
Insulated
laboratory
esterifier

40-60°C 0.15 dm3/dm3 15 g/dm'’ 30-50 min 1.5 hours

ZS G-5
Animal fat 

methyl ester
Preheating,

filtration
Insulated
laboratory
esterifier

40-60°C 0.15 dnvVdm3 15 g/dm3 30-50 min 1.5 hours

G-l Cold pressed 
sunflower 

methyl ester

Technology is unprofessional. Alkaline and acidic treatments were applied coincidentally, while 
the material was heated and mixed. The material was decanted after esterification.
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Table 2 Results o f the tests

Sample
code

Density,

(dj2")

Water 
cont., Karl- 

Fischer, 
ppm

Sulphur
content,

ppm

Flash point 
Pensky- 
Martens

°C

Kinematic 
viscosity at 

40°C, 
mm2/s

TAN, 

mg KOH/g

Cloud
point,

°C

CFPP*

°C

Saponifi­
cation 

number 
mg KOH/g

Iodine- 
bromine 
number 
£ I/100g

Potassium
content,

mg/kg

Sodium
content,

mg/kg
G-l 0.8829 474 1 128 4.54 0.04 0 -6 204 12.5 3 <1
G-2 0.8885 389 10 128 4.78 0.05 +2 -2 208 103.5 4 <1
G-3 0.8830 436 2 124 4.61 0.06 0 -7 211 106.5 5 <1
G-4 0.8769 442 7 128 4.51 0.1 +3 -7 195 103.0 5 <1
G-5 0.8816 512 3 127 4.96 0.08 +8 +4 211 80.0 5 <1
G-7 0.9184 485 0 108 31.0 0.4 8 - 205 11.0 <1 <1
*Cold filter plugging point

2.2. Engine tests
The engine tests were carried out in a test room. The type of the 
engine: Perkins 1004-4T. The feature o f the engine is detailed in 
the literature [6]. During the measurements instruc-tions of the 
ECE R-49 standard were followed that is the characteristics of 
the engine were re-corded at 13 points at different loads and in 
the same time the parameters of the exhaust gas belonging 
together were registrated, too. From the properties of the 
exhaust gas the CO, C02, C„Hm residue and soot content were 
measured. The indicator diagrams were taken down at each 
measuring points. From the results o f all these measurements 
each type of the fuels can be characterized on the base of the 
effective power-output and the components of the emitted 
exhaust gas.

3. Results
3.1. Based on the experiences of the transesterification of the 
processed animal fat and plant oil samples, it can be stated that 
the discontinuous esterifying method and the details of the tech­
nology reported in Table 1 are suitable for producing fuel under 
laboratory circumstances.
3.2. On the base of the summarized data given in Table 2, the 
physical and chemical features of the produced fuels can be 
evaluated. Otherwise the aim of the transesterification is to 
approach the characteristics (density, viscosity, flash-point, iodine 
number, acid number) of biodiesels obtained from various 
biomasses, to those of diesel gasoils only by slight 
transformation. The Hungarian standard plan MSZ/T 2056 
contains the allowable limits and values concerning biodiesel 
production. It has to be noted, however, that currently there is 
no legal biodiesel pro-duction in Hungary. Comparing the data 
of Table 2 with the values included in the standard plan, it can 
be seen that all of the characteristics of the fuels produced in 
laboratory (G1-G6) are under the limit values of the standard 
plan, except cold filter plugging points. However, the required 
value of this property can be adjusted by applying additive in 
low level. Although the samples G7-G9 for themselves ara not 
convenient for diesel engines, blended with diesel gasoils in a 
certain concentration they may be suited for this purpose. This 
means that there is no disqualifying reason regarding the use of 
these materials in diesel engines.
In the following we show three examples from the results of the 
engine tests:
3.2.1. In the case of applying biodiesel, the effective power 
output and the maximum torque of the engine was in every case 
lower compared with the values obtained with diesel fuel. The 
decrement equals with that gained by running the engine with 
methyl ester produced of pure plant oil. This means that the 
decrement is between 4 and 7 percent. Figures l/а, 1/b, 1/c and 
1/d show examples for this statement.
3.2.2. By examining the indicator diagrams belonging to the 
individual load points, it can be stated that engine 
characteristics of various plant oils are very close to each other. 
This means that the energy contents o f esters of different types 
scarcely differ from each other, and their burning and heat 
evolving properties are very similar, too. Analysing the area of

the maximum pressure in an appropriate enlargement, it can be 
seen that there is very little difference between the peak pressures 
obtained with various materials. Nevertheless the value of the 
maximum pressure has only small effect on the area below the 
curve, that describes the engine work. The maximum difference 
between the peak pressures in terms of the percent of the 
highest pres-sure is about 10 %, and this causes the 4-7 % 
decrease of the effective power output. Figures 2 and 3 show 
two examples for the indicator diagrams.
3.2.3. The various types of fuels can be characterized by the 
components of emitted exhaust gas. It is a common experience 
that quantity of the components of the emitted gases is more 
favourable when the engine is running with plant oils than it is 
if diesel oil is burning. Values of the CO, C02 and C„Hm 
components were better in every experiment carried out with 
plant oil compared to diesel oil, but there were no significant 
differences. Comparing the components connectable to biodiesel 
fuels, the dispersion was about 10 %, but the soot content of 
exhaust gas showed a big diversity. This appeared as visible 
smoke only at r.p.m.-s near the maximum torque. In some cases 
the emitted soot represented about 'A parts of the amount 
obtained with conventional diesel fuels at the same load point. 
Figures 4 and 5 show two examples for the components of 
exhaust gas.

4. Evaluation of the results suggestions
The final establishments are following:
-  Plant oils and animal fats used in households are capable for use 

as engine fuels after suitable discontinuous transesterification
-A ll of the esterified versions of coincidentally collected 

materials shown as examples fulfilled the regulations of the 
standard MSZ/T 2056 regarding to the examined parameters

-  Decresase of the power output of the Perkins engine applied in 
the tests was between 4 and 7 %.

-  The concentration of deleterious substances in the biodiesel 
exhaust gases was unambiguously more favourable than in the 
case of conventional diesel fuels, especially as to the soot 
emission, representing in some cases about 'A part of the 
amount obtained with conventional diesel fuels. This means at 
the same time that visible soot was only observable when the 
engine was highly overloaded.

For elimination of used frying oils which are dangerous wastes, 
an alternative method can be their use as engine fuels after 
transesterifying.
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Pressure diagram at the maximum output
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Figure 2
Spread indicator diagrams belonging to the maximum output

59



Enlargement o f  the peak of the spread indicator diagrams belonging to the maximum output

Engine speed, 1/tnin

Figure 4
Changing o f the C02 emission at maximum load ran on different kinds offuels

Figure 5
Changing o f  the carbon black emission at maximum load ran on different kinds o f fuels
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Antecedents

In Hungary the number of slaughter pigs is 10 times less than in 
Netherlands, but the concentrated pig farms produce 
environmentally hazardous waste. The leakage of organic 
waste into the environment and into the ground water supply 
represents a public health concern as well. Anaerobic digestion 
(AD) offers an environmentally and economically feasible 
solution to the waste treatment difficulties.
The pig manure -  as many organic materials -  is transformed 
into inorganic substances, which are plant nutrients, and during 
the bioconversion biogas is produced from the organic 
materials. The biogas is a methane-rich fuel, which contributes 
to the environmental difficulties because of the glasshouse 
effect. At the same time, the methane content of the biogas may 
be a renewable energy source in the future.

Aims, tasks

The general aim of the project is to demonstrate the benefits of 
the complex exploitation of available resources, to improve the 
local situation, as well as to generate the knowledge base for a 
high-tech energy and biotechnology industry. The proposed 
integrated technological system will develop a mixed 
biogas/natural gas based power plant network. This will support 
energy consumption during peak usage periods, contributing to 
the economically and environmentally friendly energy 
diversification of the region.
The aim of the project to maximize the biogas production using 
large scale experiments under field conditions.
The tasks performed:
- design of the experiments
- design of the toolkit
- the functional check of the toolkit
- experiments under various technological parameters

Results

The amount of biogas formed from the different organic waste 
and liquid manure is affected by many factors: the physical and 
chemical composition of the liquid manure, the temperature of 
the fermentation, the microbiological treatment, the content of 
the bacterium culture, the ratio of the additive organic materials, 
the ratio of the carbon and nitrogen. Another important 
influential factor is the mode of the fermentation: continuous or 
periodic.
After a thorough survey of the literature we established that the 
fermentation period of the 1-5 % dry matter content suspensions 
is 10-30 days with 50-65 % efficiency. The control experiments 
demonstrated, that the biogas production of the fermentors 
(filled with liquid manure) drastically decreased after two 
weeks. Accordingly, we planed our experiments time period for 
two weeks. At different temperatures distinct microorganisms 
take part in the anaerobic digestion process, therefore we 
performed the experiments in mesophilic (28-32°C) and 
thermophilic (53-55°C) temperature zone. In the comparative 
experiments the following additives were used: sewage sludge, 
sugar, sawdust, and bacterium culture. Continuous and the 
periodic fermentation were also compared. The feeding volume 
of the substrate was 1/14 part of the fermentor volume 
(continuous fermentation).

During the experiments four fermentors were used, each having 
a useful volume of 50dm3. The toolkit contained an electrical 
water heating system, so it was possible to carry out the 
experiments in both the termophilic and mesophilic temperature 
zones.

The effects of additives on biogas production

At the beginning of the experiments the fermentors were filled 
with liquid pig manure, the additive materials were added to the 
system. The amount of biogas formed was measured with gas- 
meter.
The conditions of the experiments:
-fermentation temperature: 53-55°C
-  duration of the comparison: 14 days
-  additive materials:

1. fermentor: sugar (10 %)
2. fermentor: sewage sludge (10 %)
3. fermentor: bacterium (10 %)
4. fermentor: contol

The amount of biogas formed in the fermentors is shown at the 
first figure.

Figure 1

The results of the experiment show that the fermentation of the 
organic materials found in pig manure is faster using a suitably 
selected bacterium strain, the activity of the methanogen strains 
is increasing soon. If the fermentor was inoculated at the peak 
period of the gas production the fermentation time of the liquid 
manure decreased.
In the next experiment the common effect of the additive 
materials was examined:
1. sewage sludge (10 %), sawdust (10%)
2. sugar (10 %), sawdust (10 %)
3. sewage sludge (10 %), sugar (10 %), sawdust (10%)
4. sewage sludge (10 %), sugar (10 %), bacterium (10%)
5. sewage sludge (10 %), bacterium (10 %)
6. sugar (10 %), bacterium (10%)

The experiments were carried out in two periods using control 
fermentors. The largest amount of biogas was measured in the 
fermentors, which contained sewage sludge, sugar and sawdust 
as an additive material, less biogas was measured in the 
fermentors, which contained sugar, sawdust and sewage sludge 
and sawdust. The experiments show that using additive 
materials brings about advantageous effects for the metabolism 
of the microbes taking part in the anaerobic digestion process. 
The highest biogas production was achieved in the fermentor, 
which contained the highest concentration of organic material in 
a unit volume.
In the next experiment the fermentors were inoculated with a 
suitably selected bacterium strain. The amount of biogas formed 
per day is shown in the second figure. The experimental results
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show that in the fermentors, which were inoculated, the biogas 
production started sooner than in the control fermentor.
In the next experiment we compared the continuous and the 
periodic fermentation process from the aspect of the biogas 
production. The average amount of biogas formed in the 
experiment is shown in the third figure.
The conditions of the experiment:
-  fermentation temperature: 28-32°C
-  duration of the experiment: 14 days
-  treatment of the fermentors

1. fermentor: control
2. fermentor: inoculation
3. fermentor: refill with 7,5 % liquid manure per day
4. fermentor: inoculation, refill with 7,5 % liquid manure per 

day

The biogas production varied significantly. Using refilling 
technology (fermentors number 3. and 4.) the amount of biogas 
formed was twice large as using periodic technology (fer­
mentors number 1. and 2.). The biogas production in the peri­
odic technology increased after microbiological treatment (fer­
mentor number 2.) compared to the control fermentor (fermen­
tor number 1.)

In summary, the results of the experiments suggest that biogas 
production from liquid pig manure is possible under mesophilic 
and thermophilic conditions. The amount of biogas formed from 
the liquid pig manure is influenced by the technological 
parameters and the additive materials. These experiments are 
shown that it is important to carry on further studies in the field 
of the biogas production.

Figure 3
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Introduction

According to the requirements of the European Union, Hungary 
has to increase the energy that can be obtained from the 
renewable energy resources in a significant measure. One of the 
most obvious solutions can be the much wider utilization of the 
wind energy for producing electric energy to be fed in the cross­
country power network. Recently -  in the case o f reasonable 
preferences -  the economical utilization of the wind energy is 
a real possibility i.e. the projects will be recovered. To achieve 
this, the state aids are required that can be obtained at present 
and should be got also in the future — in the way of tenders for it 
-  and the advantageous environmental effects of the “green 
energy” must be included into the purchase prices.

Preliminaries

During the establishment of the domestic wind generators 
worked out till now -  apart from the financial and technical 
realization -  it had to fight against the prejudice asseverated by 
some persons as “there is not enough available (recoverable) 
wind energy in Hungary”. However, the researchers emphasized 
that only some regions of the country are distinct considering 
the wind-course i.e. the north-west part is advantageous. An 
example contradicting this is the wind power station established 
in Kulcs as it is located inside of the country far away from the 
those regions that can be considered to be a potentially suitable 
place as e.g. the area of the Little Plain.
There is a legislation rule in Hungary that the electricity 
suppliers are obligated purchase the energy produced from 
renewable energy resources if the power of the established 
equipment is higher than 100 kW.

Material and method

Nowadays the investors demand the results of long-term (at 
least one-year) energetic wind measurement at the height of 
minimum 20 and 40 m (or at bigger height) for assuring the 
certain returns of the wind power station. The measurements are 
important especially because of the diversified topographic 
conditions and mainly because of the determination of the 
friction and the wind profile (Figure 1) or the turbulence.
The measurements were carried out with the help of instruments 
and methods applied in the European practice. There are several 
statistic distribution functions suggested for the data processing 
to describe the wind distribution.
Knowing the average value of the wind speed, the frequency of 
wind velocity concerning a given spot can be determined with 
the help of Rayleigh’s distribution function with suitable 
approximation.
Relative velocity v of the wind:

/(V ) _?  ' v . в [%], where vá is the average wind
2 - v a2

velocity

On the base of the measurements carried out during 12 months 
and taking into consideration the meteorological measurement 
data of 10 years in the region, we gave the prognosis for the 
choice of the generator and the expectable energy production.

Figure 1
The wind profde in Kulcs ( on base o f measurements at the 

height o f 15 and 35 m)

The main properties of the equipment chosen for the so called 
continental wind conditions measured in Kulcs are 
demonstrated in Table 1 and 2.

Table 1 Main properties o f equipment

Type: Enercon E-40
Nominal power: 600 kW
Diameter of the blade-wheel: 44 m
Height of column: 65 m
Wheel-blade: The angle of blade position can 

be changed.
Number of blades: 3
R.p.m.: 18 to 34 min'
Generator: Multipolar (so called annular) 

generator type ENERCON
Connecting to the power- With frequency converter type
circuit: ENERCON
Wind direction homing: With active hydraulic driving 

unit of constant pressure 
independent of r.p.m. setting 
the generator down the wind

Starting wind speed: 2,5 m/s
Nominal power: At the wind speed of 12 m/s
Regulation system: Electronic (ENERCON 

SCADA)

Figure 2
Construction o f the power nacelle 

1 -  blade, 2 — blade-rotating motor, 3 -  case, 4 — shaft,
5 -  bearing, 6 -  speed and direction anemometer,

7 — crane for lifting parts, 8 -  catch o f shaft, 9 -  cooling fan, 
10 — column, II -  generator-rotor, 12 -  generator-stator
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Results

On the base of evaluating the operating time of one year, it 
could be established that the equipment produced the energy 
quantity according to the planned amount. According to the 
trend of the energy measurements recorded during the 
operation, the energy quantity of 1,245,000 kWh was produced 
that was more than the energy of 1,220,000 kWh calculated by 
the wind measurements. This is shown by the data of measured 
points of the plotted characteristic curve of the generator and 
the evaluation completed with the help of the data of the first 
quarterly operation. (See Figure 3, 4 and 5.)
The excellent accordance in the relation of power (kW) and 
wind speed (m/s) can be seen in the diagram (Figure 3) while 
the r.p.m. of the rotor (min'1) changes at a relatively low degree.

(kW) (m /s>

Figure 3
Electric power output, wind speed and r.p.m. o f blade-wheel in 

function o f  time

The excellent accordance in the relation of power (kW) and 
wind speed (m/s) can be seen in the diagram (Figure 3) while 
the r.p.m. of the rotor (min'1) changes at a relatively low degree.
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Figure 3
Electric power output, wind speed and r.p.m. o f blade-wheel in 

function o f  time

The tendentious “co-current” of the average speed of wind, the 
power output and the obtained energy values can be seen well in 
Figure 4.
According to the measurements during several years, deviations 
of 50 to 90 % were recorded in the same months of the 
monitored years (Figure 5).
There is not significant deviation between the power values of 
the power stations of same type operating in the two different

spots of the country in the case of suitable choice of place. Only 
the shift in time can be experienced according to the frontal 
passages (Figure 6).

Conclusions

The accurate measuring of the local wind energy is basically 
important because of the topographic forms and the conditions 
of the Carpathian basin before establishing a project of 
enterprise in Hungary to built a profitable power station 
(generator) obtaining energy from wind. These measurements 
have to be carried out with the help of calibrated instruments 
and at high reliability and software or algorithm elaborated on 
the base of wide experiences because the cost to be invested in 
each unit of equipment of 600 to 1000 kW is between 160 and 
220 million HUF. The investment cost of a wind farm including 
15 to 25 generators (with units of 1.0 to 2.0 kW) is between 5.0 
and 7.0 milliard HUF. The return of the considerably high 
investment costs (economical operation or use) can be expected 
only if the location in the given place is the most optimal and 
the energy extraction values are the best.

Figure 4
Measurement data of 14 weeks at operating wind power station 

P — average value o f weekly produced energy,
Q -  summarized weekly produced energy,
V -  w e e k l y  a v e r a g e  v a l u e s  o f  w i n d  s p e e d

Month

Figure 5
Energy production o f the power station in Kulcs during 25 

months (1 -  2002, 2 -  2003 and 3 -  2001)
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Figure 6
Power characteristics o f the stations operated in Kulcs and in Mosonmagyaróvár at a distance o f200 km from 

Kulcs north-westward (Equipment type E-40 in both cases with the nacelle-height o f 65 m)
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(5)ENERGETIC MODELLING OF WHEAT KERNEL 
HARDNESS
A. Véha -  E. Gyimes 
Szeged University

r3 = 2

By completing the integration, with Г|=1, we get to BOND- 
WANG’s (1950) logarithmic energy equation

Introduction

The authors (VÉHA, 1996) have been working on determining 
the kernel hardness of different wheat varieties by means of an 
objective physical unit of measurement. The previously used 
vitreousity percentage proved to be rather subjective, vague and 
fluctuating, although kernel hardness is of great importance 
when the qualities and milling technologies of different 
varieties are evaluated (VÉHA-GYIMES, 1999). Kernel 
hardness affects flour quality, batter production and baking to a 
great extent (MATUZ et al. 1999). Nowadays more researcher 
trying an experiment to determine of the grinding energy 
demand in case of wheat breaking (CAMPBELL — WEBB, 
2001 as well as PASIKAT AN et al, 2001).
Determining the physical hardness of wheat kernel has been 
made possible by introducing the notion of “grinding 
resistance” (VÉHA-GYIMES-BÖLÖNI, 1998), which has been 
identified as specific surface grinding energy demand (ef: kWh 
cm'2 and kJ cm'2). This has been done by making use of the 
results of other investigations into grinding cereals (BÖLÖNI, 
1962). For practical purposes it has been determined with the 
help of a laboratory hammer mill, by measuring power capacity 
demand, grits mass flow and the specific surface increase of 
grits. Specific grinding energy demand ed (kWh t '1 or kJ f 1), 
which we have referred to the mass unit of grits, can be 
calculated from this (VÉHA-GYIMES, 2000).

Antecedents of grinding energetics

Although the exploration of the main energetic regularities of 
grinding goes back to the 19lh century (RITTINGER, 1867), a 
differential equation of general use can only be first found in the 
book written in 1937 by WALKER-LEWIS-MCADAMS- 
GILLIAND, according to which

( 1 )

where:
X = grain size of a supposedly homogenously distributed set 
dx = its infinitesimal decrease in the initial phase of grinding 
dE = energy demand of the above mentioned size decrease 
r = parameter characteristic to the grained material, machine 
e.t.c.

To put it in words, this equation says that the energy needed to 
decrease the diameter of size x grains by dx is inversely 
proportional to grain size and its r-th power. This hypothesis 
therefore postulates a hyperbolic relation between specific 
grinding energy demand and grit fineness (grain size) in 
general.
After integrating equation (1) we get to energy demand

( 2)

where:
x0 = initial size before grinding and x,=decreased grain size 
(diameter) after grinding.
As for the values of r parameter in the denominator, CHARLES 
(1957) made the following supposition:
r. = 1 (3)
r2 = 1 -5 (4)

E bw ~  C bw - In —-  
X

And then, with r2=l .5, to BOND’S equation (1952)

1 1
EB -  CB ( r— i— )

(6)

(7)

While parameter r3=2 takes us to the earliest energetic relation, 
that of Rittinger’s:

'1 r

X0y
(8)

In the above (6),(7),(8) equations CBw> CB and CR grinding 
energy demands of material with adequate unit of measurement, 
machinery e.t.c. are constant, with the help of which we can 
determine the specific grinding energy demands of the mass in 
the investigated x<x0 grits size range.
For over 100 years researchers and grinding specialists accepted 
these energy equations (and some other similar ones, which we 
are not going to mention here) almost without reserve.
Although some (like HANSEN and HENDERSON, 1968) tried 
to check the empirical correlations through calculations, they 
soon came to face the following problem: hyperbola (8) did not 
turn out to be simple; when plotted in a logarithmic power net, 
instead of exponent n = 1 they got nB = 1.16 for wheat and
nK= 1.33 for maize in x  = 1.3...4 mm average grain range.
In 1991 BÖLÖNI and CSERMELY checked the three most 
important energy equations (6),(7),(8) by measuring hammer 
milled barley grits.
Their series of experiments yielded an unexpected result; 
although the average size of whole grains was only x0g=3.4mm 
before milling, Rittinger’s hyperbola

11,262
e d =  ------= -----

X
-2,314 (9)

intersected the horizontal, grain size axis at xog= 4.87 mm (well 
above real size). This proved that a simple hyperbola cannot be 
used to describe the energetic equation sought for.
BÖLÖNI and BELLUS’s further investigations in 1998, and the 
introduction of binary energetic functions revealed where the 
problem had originated from, which our ancestors cannot have 
been aware of. The establishment of equation (8) indirectly 
includes the earlier unknown fact that specific surface, which is 
inversely related to x  (cm) average grain size,

a = (cm2 g'1) (10)
p x

that is the cubic and spheric shape modelling of grains is only 
valid for individual grains or for sets of homogenous grain size, 
each particle of which is the same size p [g cm '3 ] density of 
grit set).
Equation (10) is not valid for the mean specific surface (xd) and 
(aa) of many average grain sizes derived from grain size 
distribution (analysis), that is

( И )
p x

Since grain distribution is oblique and theoretically lognormal, 
the number of fine grains (and the proportion of their specific
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surfaces) increases, and the number of coarse grains (and their 
specific surfaces) decreases. The degree of this increase is 
expressed by c.o. (coefficient of obliqueness) introduced by the 
authors, which is always more than 1 (c.o.>l) for grits.
For hammer-milled barley we got numerical data (D-12 and 
D-24) c.o =1.49... 1.77, while the size distribution of whole 
barley kernels proved to be normal. Thus c.o. is approximately 
1 because of the balance of fine and coarse grains.
Formula (11) complemented with c.o. coefficient of obliqueness 
for grits:

_  _ 6 (c. o.)
ad

P ' X j
( 12)

Since c.o.=l,

ed (kWhf1) specific grinding energy consumption (“impact 
energy” in mechanical technology) expresses one of the 
physical characteristics of milled material; it shows how much 
energy causing permanent deformation can be transmitted to a 
crop of certain variety and state (e.g. true to variety wheat) with 
a mill of given kinematic and geometric parameters, that is how 
much impact energy the material can absorb.
Aad (cm2 g'1) specific surface increase indicates the fineness and 
composition of the grits we get from the given wheat variety 
with the above mentioned (ed) specific grinding energy input. 
This is the other physical and mechanical feature of the variety. 
Our model demonstrates it clearly that er (mWh cm'2) 
“grinding resistance” is a new physical feature dependant 
on two (ed , Aad ) characteristic data.

a  оg = — (13)
P ' X o g

remains true for grain sets where xog = average (mean) grain 
size.
BÖLÖNI and BELLUS’s binary energetic model, published in 
1999, where ed(kWh f 1) specific grinding energy demand is not 
only related to xd average grit size but also to ef (kWh cm'2) 
specific surface grinding energy demand, says

ed (ef, Xd )

In full expansion

6 ■ 106 -e ,
ed = ---------- L

C.O.
[ -

P x d

(14)

(15)

Where:
p = grain density (g cm'3)
6 = constant resulting from the supposed cubic shape of grains 
106 = conversion factor deriving from the chosen units of 
measurements
Departing from equation (15) it is not difficult to assume that 
the average specific surface of grits (cm2 g'1) is

6.(c.o.)
p .x d = a d

and that the specific surface of whole grains before grinding 
(cm2 g'1) is

6
p.xog ~ a og 

Thus

6.(c.o.)
p . X j

6
p .x = a  - a  = M iÜ og (16)

that is the specific surface increase of grits. 

Conclusion

The mathematical model o f  kernel hardness is the next:
by leading equation (16) back to (15) we get

ed [kWh Г1] = 106 ef[10'7 • kWh cm'2] ■ Да,, [cm2 -g'1] (17)

Consequently ef is the “grinding resistance” characteristic to 
kernel hardness, that is specific surface grinding energy 
consumption is the mathematical model of kernel hardness, 
where ed and Aad are independent variates (see equation 18).

e,
e,  -  — [mWh cm"2] (18)
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Introduction

All over the world, the preoccupation of replacing metallic 
materials with other types of materials has widely spread. 
Within the Machine Manufacturing Department, this fact has 
determined preoccupation oriented towards the replacing and 
observing in operation metallic components of technological 
equipment with components of non-metallic materials. Out of 
the trends adopted, the present paper shows research carried out, 
having as objective the study of variation of friction coefficient 
values at the steel-polyamidic material rolling couple in relation 
to the variation of load applied, under different lubrication 
conditions.
The rolling couple under experiment is represented by the 
following elements: bearing races made of different polyamidic 
materials, on which bearing metallic balls roll.
Non-metallic materials used are ERTALON 66 SA and 
ERTALON 66-GF -30 polyamides, provided by the joint 
research project between the universities.
The shape of the bearing race profile is rectilinear. Rolling is 
done without lubrication, with lubrication with T90 EP2 STAS 
8960-85 oil type and lubrication with glycerin.
The diameter of bearing balls, made of bearing steel RUL3 
STAS 1456-80, with diameters of 7,13 mm. The condition 
imposed to the balls is that the set under test be in the same 
dimensional group, with the objective to undertake the load 
equally by all balls in contact.

Device for the study of rolling friction

Experimental installations having as object the study of friction 
are made up of the following common elements: support, 
driving system into relative motion of the friction couple 
element, system of normal force application, system of friction 
force measurement. In the case of the stand used (fig. 1), the 
components are the following:
-  Support that fixes the two elements of the friction couple, 

being materialized through a device in which the bearing 
races are. This device also allows the change of test pieces 
under experiment.

-  Driving system for relative motion of the friction couple 
elements is done manually, by the dynamometer;

-  The system of normal force application is made up of a plate 
on which graded weights are placed;

-  Measurement system for friction force is represented by the 
dynamometer of the dynamometer system, which are 
mounted in parallel. To orientate the dynamometer on the 
direction of the friction force, this moves in a guide.

The stand allows the necessary calibration to precisely obtain 
the friction force (ex: Placement on a со-linear direction with 
the direction of tangential force).

Conditions and experiment manner

For each constructive variant the following operations have 
been carried out:
-  Measurement of test piece roughness under experiment;
-  Grading a control of dynamometers;
-  Placement of test piece fixing device on a horizontal support;
-  Checking the fixing of test pieces in the device;

-  Positioning dynamometers in guide;
-  Lubrication of bearing races (if the test is done on lubricated 

surfaces);
-  Application of load progressively to values established on 

the plate and the reading of friction force at the driving into 
motion of the system.

Experimental results and interpretation

The study of friction coefficients for the three materials under 
testing was done taking into account load variation, lubrication 
status of surfaces. For all test pieces used, roughness was 
determined and the profile graph on the direction of rolling was 
plotted. We have observed deviations from rectilinearly at the 
test pieces, fact that can lead to local variation of pressure on 
contact due to loading differences of rolling bodies.
The geometrical deviations of the rolling surface can determine 
the occurrence of situations in which in the identified area being 
mostly with rolling motion, on portions there might be mostly 
sliding motions. The values of the Rz roughness of bearing 
races are:
a) For ERTALON 66 SA: working traces parallel with the Rz

1,6 pm rolling direction; traces perpendicular on the Rz 6,3 
pm rolling direction.

b) For ERTALON 66-GF 30: working traces parallel with the 
Rz 0,8 pm rolling direction; traces perpendicular on the Rz 
6,3 pm rolling direction..

Roughness value determination was done at the beginning of 
measurements. On rolling under load, roughness values 
underwent changes due to plastic deformations of roughness 
edges up to the creation of the balance state between the force 
applied on the contact area and the flow characteristic of the 
material. The applied load varied between 9,8IN and 350 N. 
The diameter of balls used: 7.13 mm. The number of balls that 
undertook load: 20. Surface lubrication status: dry, lubricated 
with mineral oil.

Influence of the load variation

Analyzing the behavior of the friction coefficient on dry 
surfaces, along with load increase we observe an increase of its 
value with very small loads, increase explained by the 
predominance of sliding in balls motion on bearing traces. This 
fact can be better observed at materials with different elastic 
constants. With the continuous increase of load, the value of the 
friction coefficient decreases for a certain loading field. This 
fact is explained by the gradual replacing of the predominant 
sliding motion with a predominant rolling motion, as well as by 
roughness change through plastic deformations taking place at 
the level of the contact area, for the balance status between load 
and the flow characteristics of friction couple materials. In the 
evolution of the friction coefficient curve in relation to load, 
there is an optimum, after which its value tends to slightly grow. 
This growth is explained through the plastic deformations of the 
materials and the losses through hysteresis. All studied 
materials exhibit this behavior, some of them having the 
decrease of coefficient value smaller or even nil, the area being 
marked by a flat area in the evolution of the variation curve.
As a general statement for dry friction is the decreasing 
evolution of the friction coefficient, the maximum values being 
measured in the inferior part of the loading area.

Influence of the bearing race materials

Bearing on races made of polyamidic materials has led to the 
decrease of friction coefficient value for the load domain in 
which the experiment took place. The minimum values of the 
friction coefficient were obtained for bearing races of Ertalon
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66 SA, with processing traces parallel with the rolling direction. 
The variation of the friction coefficient in which bearing races 
are made of polyamidic materials meets the general tendency 
above mentioned for dry rolling/bearing. In the situation of 
rolling on lubricated races, the evolution is continuously 
increasing for the case of Ertalon 66-GF30 (fig.2,3,4,5.).

Conclusions

Analyzing experimental results, the following can be concluded: 
l.On dry surfaces load increase leads to an increase of the 
friction coefficient value, at small loads.
2.On dry surfaces, at heavy loads, the friction coefficient 
decreases for a certain loading domain. This fact is explained by 
the gradual replacement of the predominantly sliding motion 
with a predominantly rolling motion, as well as through 
roughness changes through plastic deformations that take place 
at the level of the contact area, to establish the balance between 
load the flow characteristics of the friction couple materials.
3.1n the evolution of the friction coefficient curve in relation to 
load there is an optimum (a value minimum) after which its 
value tends to increase slightly. This increase is explained by 
the phenomena of elastic deformations of the materials and the 
losses through hysteresis and the adhesion phenomena.
4.The general behavior presented at points 1,2,3 is of all the 
studied materials, some having the coefficient value decrease 
lower than zero, the area being marked by a flat portion in the 
evolution of the variation curve. As a general statement for dry 
friction of rolling is the decreasing evolution of the friction 
coefficient, the maximum values being measured in the inferior 
part of the loading domain.

5.The minimum values of the friction coefficients were
obtained for the bearing races of Ertalon 66 SA, with processing
traces parallel with the rolling/bearing direction.
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Figure 1 Testrig
Tribometer for the measurements o f rolling friction force 

I -  support; 2 -  fixing device 1; 3 -  inferior rolling race; 4 -  ball train; 
5 -  superior rolling race; 6 -fixing device II; 7 -  loading plate
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Friction coefficient of Ertalon 66 

SA. Surface finishing parallel to 

rolling direction

Load (N)
♦  Ertalon 66SA with oil lub. roller dia 7.13 mm 

■ Ertalon 66 SA, without oil lub. Roller dia, 7.13 mm

Friction coefficient of Ertalon 66 

SA. Surface finishing 

perpendicular to rolling direction

Load (N)

* Ertalon 66SA with oil lub. roller dia 7.13 mm

■ Ertalon 66 SA, without oil lub. Roller dia, 7.13 mm

Figure 2
Rolling friction o f  Ertalon 66 SA (different directions)

Friction coefficient of Ertalon 66 GF30. 

Surface finishing parallel to rolling 

direction

ф Ertalon 66 GF30 with oil lub. roller dia 7.13 mm 

Ш Ertalon 66 GF30, without oil lub. roller dia, 7.13 mm

Friction coefficient of Ertalon 66 GF30. 

Surface finishing perpendicular to rolling 

direction

4 Ertalon 66 GF30 with oil lub. roller dia 7.13 mm 

I  Ertalon 66 GF30,withou toil lub. roller dia, 7.13 mm

Figure 3
Rolling friction o f  Ertalon 66 GF30 (different directions)



Dry friction coefficient of Ertalon 66 SA. 

Different rolling directions to surface 

finishing

Oil lubricated friction coefficient of 

Ertalon 66 SA. Different rolling 

directions to surface finishing

Ertalon 66 SA, dry parallel rolling 

X Ertalon 66 SA dry perpendicular rolling

Load (N)
♦ Ertalon 66 SA with oil. oeroendicular ratline 

X Ertalon 66 SA with oil, parallel rolling

Figure 4
Roling friction o f Ertalon 66SA (different lubrication)

Dry friction coefficient of Ertalon 66 

GF30. Different rolling directions to 

surface finishing

1 Ertalon 66 GF30, dry parallel rolling 

X Ertalon 66 GF30 dry perpendicular rolling

Oil lubricated friction coefficient of 

Ertalon 66 GF30. Different rolling 

directions to surface finishing

Load (N)

« Ertalon 66 GF30 with oil, perpendicular rolling 

X , Ertalon 66 GF30 with oil, parallel rolling

Figure 5
Rolling friction o f Ertalon 66GF30 (different lubrication)
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THE APPLICATION OF THE BENCHMARKING 
METHODS FOR RATIONALISING THE 
LOGISTICAL COSTS OF THE AGRICULTURAL 
MACHINERY
A. Tátrai
Business College of Budapest 

Introduction

The necessity of logistics and its effectiveness can be proved in 
various ways.
-  With the help of Logistics, the quality of the product can be 

improved
-  Production costs can be reduced
-  Customer service level can be improved

The production (supply, distribution) processes become more 
transparent.
The listed (and here not mentioned) results can only be 
successful if the are not detrimental to each other.
When improvement of product quality and customer service 
level resulted in significant increase of costs, it is ambiguous 
that it can be reflected in the price of the product. In case of 
keeping the number of sales, production will produce losses. 
When logistics costs result diminution of total costs or better 
transparency of the processes, they cannot change the quality of 
the product, since then we might lose customers.
The right approach is the total cost approach, which makes it 
possible to demonstrate that increasing logistics costs can effect 
cost reduction at other fields.
It is practical to examine the costs of utilization of agricultural 
machinery with the benchmarking method in order to optimize 
logistics’ costs.
To demonstrate logistics costs, we can compare national results 
to other countries' by the benchmarking method.
The benchmarking method is useful as it can be applied quicker 
than elaborating new methods, since it is based on others' 
experience.
At the same time it has big inconvenience: comparing the 
results can be difficult sometimes because of different inter­
pretations.
Without appropriate preparation of benchmarking method 
discovering the similarity and the significant divergences, the 
interpretation of the results will be very misleading.
Benchmarks of agricultural machinery costs can be chosen in 
statement of logistical cost s of the special literature [3], [4], [5]. 
Knowing the benchmark we have to make the following steps:
1) Choosing the adequate benchmarking method
2) Clarifying the logistical activities
3) Benchmark analyses from the comparison point of view
4) Preparation for Hungarian measurement
5) Assessment of result, recommendation for practice

Choosing the adequate benchmarking method

From the various opportunities of benchmarking, the com­
petitive one seems to be the best for the purpose.
One of the reasons is that not even a Hungarian firm has better 
logistical cost s statement, than the other ones, so they cannot 
learn from another.
The comparison of agricultural firms is very difficult too, but 
the comparison with another economical fields raises again 
interpretation problems. For this reasons the functional 
benchmarking does not seem a good method.
The generic benchmarking claims the most flexibility and 
creativity. As having the possibility to make comparison within 
the agriculture, it is not necessary to choose the most difficult 
way.

Solving our task, we need the data based benchmarking from 
the different benchmarking. We might need the process-based 
benchmarking later, but it can be a subject of further research. 
The men- based or men-and strategy-based benchmarking 
encounters difficulties, because we can find benchmarking 
mainly in more developed countries than in Hungary, so we 
would have higher costs than using data-based benchmarking.

Clarifying the logistical activities

In order to analyze logistical costs, we have to clarify
-  what kinds of costs can be consider logistical ones
-  how can we measure them

Generally in most of countries logistics are taken in a narrow 
sense: only the flow of goods between the factories, loading of 
goods, warehousing, and sometimes the same activities within 
the factories.
Accepting the interpretation of Halaszne [1] we have to 
consider the processes of planning, controlling, management as 
parts of logistical ones, including the flow of information, 
documents, money and labour.
Because of this problem the data of international special 
literature can be compared with our own measurement only 
very circumspectly.
In the international special literature practically measured and 
estimated data are published instead of exact methods. [3], [4]. 
So our possibilities are limited: we have to collect our own data 
by the same methods.

Benchmark analyses from the comparison point of view

In the international special literature the agricultural logistical 
costs are demonstrated in the following classification |3|:
Before production logistical costs /related to purchasing 
Production’s logistical costs 
After production logistical costs distribution 
Machinery cost structure within logistical costs:
-  Transportation’s costs
-  Costs of manipulation’s machinery
-  Information Science costs

The example examined is from French horticulture, containing 
estimated data.
Percentage of transportation logistical costs within the total 
logistical costs:
-  during purchasing 29 %
-  during supply/distribution 32 %

During production transportation as logistical cost factor is 
considered to be very low.
The logistical machinery cost concerning the manipulation, 
packaging, loading are the highest also during purchasing and 
supply.
The average information sc. costs are about 20 %.
All this data refer only the flow of goods and information. They 
do not consider for example the logistical costs of move of men 
power.
The same insufficiency of the examined example is that the 
activities concerning the organization, management, control of 
logistical processes are not considered as the part of logistics, 
and this is why these costs are not counted to logistical costs. 
This example also proves the benchmarking used for examining 
agricultural machinery costs, can make possible only a partly 
comparison, but there it is worth using it.
The comparison with the Hungarian conditions can call the 
attention to the high transportation costs of supply and 
distribution, which set up a claim to having more modern of 
vehicle, better organization of traffic, more favourable fuel 
consumption.
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We can draw the same essential lesson from the comparison of 
costs of machinery used in the stocking, warehousing and 
packaging. It is very important to note that this machinery costs 
can be decreased only by supply of modern, more profitable 
machinery costs, but also by better organization of working.
If the information science costs are lower in our country it can 
mean that fewer working processes are controlled by computer 
and it decreases the profitability of the production (supply, 
distribution).

Preparation for Hungarian measurement

We have no standard method for measuring logistical cost in 
our country neither. The information concerning the research of 
product cost and income do not include the logistical costs. 
More precisely these costs are named differently that could be 
counted as logistical ones.
The bigger problem is that the costs of logistical activities 
counted under another costs can not be separated.
In case of the comparison we have to collect the international 
data according to the same methods as the benchmark was 
received. As it was, the international data of special literature 
are from the information of agriculturists and from estimations. 
This is why we need data from the Hungarian firms of our 
research. Getting information we have to consider two angles:
-  we have to collect data from the same areas as it was in case 

of benchmark in order to the comparison
-  we have to ask for data of activities out of the base of the 

benchmark research if they are perceives in our point of view 
to be important for the complete examination of the 
logistical costs.

On the data collecting sheet it is not necessary to name the 
examined activities as logistical ones, since probably they are 
not known by these names to those who provide the data. 
However we have to make an effort to group the costs in case of 
getting them the data according to our research.

For example researching the agricultural costs and income data
[2] ,[6] the following costs are presented: maintenance costs, 
tractor costs, combine costs, irrigation costs, desecrator 
desecctor costs, auxiliary costs. However we need the following 
grouping:
-  machinery costs of purchasing
-  machinery costs of production
-  machinery costs of supply

Assessment of result, recommendation for practice

Before comparison we have to separate the data into 
comparable data and another data.
Making comparison we have to be sure if the data refer really to 
the same area and comparable conditions of the benchmark.
The results of comparison have to be well visible.
The reason of the difference has to be examined.
The benchmarking method can have positive effects only it the 
examination is followed by clarification of experience, 
indicating of tasks and making the necessary steps.
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THE POTENTIALS AND LIMITATIONS OF JUST 
IN TIME (JIT)
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Szent István University, Gödöllő 

Introduction

The classical production management systems ensure 
continuous production by acquisition and building of stocks. 
Although stockpiling provides security for the organisation, it is 
also well known that more security means more expenditure. 
The task of stock management, therefore, is to establish a 
balanced system that is both reasonably secure and financially 
viable.
There is other solution for the problem when we do not increase 
the stock levels, but rather reduce the insecurities of the 
production in both input and output sides and in the production 
itself. In theory, in case of appropriate supply sources and 
infrastructure, it is possible that secure production can be 
achieved by a few hour stock-level. This is the so-called Just In 
Time (JIT) system which is often referred to as stock 
management without stock or stock management without 
storehouse
The objective of the JIT system is to ensure delivery and/or 
arrival of materials and products at the right place, at the right 
time. Theoretically, it can result in "zero stock" which does not 
allow of delivery failures. Subsequently, one of the neuralgic 
points of JIT is delivery. We can summarize the changes in 
demand towards supply sources in the following way: the size 
of deliveries decreases, the frequency of deliveries increases, 
demand for better availability of supply services increases, 
quality of delivery improves (reliability gets better, probability 
of product damages diminishes).
Demand for an increasingly efficient supply system will, 
inevitably, means an increase in cost for organisations wishing 
to use such services. The question arises whether the reduced 
cost in stock-keeping justifies or compensates for the increasing 
cost of delivery services. Unfortunately, managers and decision­
makers do not often concern themselves with such questions.
For a proper analysis, one should take into account all the cost 
factors from dispatch as far as destination, irrespective of, who 
is the cost bearer, the supplier, the customer or somebody else. 
If we examine the route a product from the manufacturer to the 
customer we will encounter the following logistical operations: 
movement of the product from the manufacture to the 
warehouse, stock-keeping prior to transportation, loading the 
product onto the vehicle, transport to destination, unloading the 
product at destination, movement and stock-keeping until 
consumption takes place.
Throughout these logistical operations, costs are incurred as a 
consequence of movement (the movement is proportionate with 
its quantity and distance) and stock-keeping (this is 
proportionate with the stored quantity and the storage period). 
In this paper, the term cost of movement refers to the totality of 
costs of materials handling and transport costs (in variance 
with both the distance of movement and the quantity of material 
being moved). Storage cost consists of rental and stock- 
keeping costs. Rental cost amounts to all the costs incurred in 
storage, including the rent of storage space, the rent of storage 
machines, the cost of upkeep (for example insurance and the 
cost of public utility). Stock-keeping (waiting) costs cover the 
delayed arrival of goods, the locked-up capital and all other 
losses that are incurred during waiting time.
For analysing the costs Figure 1 depicts the production and the 
consumption of a product in the function of time. The 
cumulative quantity of production and consumption varies 
linearly according to the two parallel lines of (production) and 
(consumption). The quantity of product (batch of goods) can be 
determined by mass, volume, piece number, unit etc. The

Figure 1
Changes in stock in different logistical phases

direction of the lines is determined by the rate of production (A) 
and the rate of consumption (p) which, as depicted in Figure 1, 
are equal to one another, therefore l=p=Q,/Hr The stepped 
horizontal and vertical functions illustrate the time horizons and 
the quantity of the dispatched and received goods. As the 
quantity is depicted accumulatively on the vertical axis, it can 
be clearly seen how much has been produced, transported, 
received and consumed in a given time frame.
The cumulative functions have been not well-known yet in the 
theory of stockpiling. These cumulative functions can be easily 
used in tracking of product lots in the sequential phases of 
logistics as you can illustrate the change of quantity in different 
logistical situations (waiting for delivery, transport, waiting for 
consumption) on one diagram. The vertical section in between 
the production line and the stepped function on the left hand 
side represents the quantity of product to be dispatched at a 
given time. The length of the vertical section relating to the 
commencement of delivery time represents the quantity of 
delivered goods. Similarly, at a given time, the vertical sections 
in between the stepped functions on the right hand side and the 
consumption line represent the quantity of products to be 
consumed.
It is also important to understand the horizontal sections of the 
stepped functions and the areas bordered by the functions. If, 
within the system, the product quantities flow according to the 
principles of FIFO, then the i-th product quantity will be equal 
at each monitoring point. The horizontal section in between the 
two stepped functions represents the time the product spends 
moving between those two interdependent points. For instance, 
the notation tS2 on Figure 1 represents the delivery time. The 
sum of the areas in between the lines and the stepped functions 
is proportional with the total waiting time of the product 
quantities. The lined area at the right hand side of the diagram, 
for example, is proportionate with the time spent at the arrival 
point of the consumption. The horizontal distance in between 
the parallel lines of production and consumption depicts the 
average waiting time between production and consumption. 
This is the sum of the delivery time (tsz) and the maximum time 
interval between the dispatches of two consecutive product 
quantities (Ятах=тах{Я/})> that is, the average waiting time:

(1) W= H mm+ t sz [hour]

The length of the average cycle, if the number of cycles equals m:
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(2) Н ^ ± Н Г
т м

the average dispatched and received amount per cycle

(3)

The size of storage space (Smax) has to be at least as large as the 
maximum product quantity (ß max)- 111 Figure 1 this is 
represented by the longest vertical section of the stepped 
functions. Vehicles transport all products manufactured in the 
given period at the same time; and this is the reason the 
necessary storage spaces at departure and arrival should be 
proportionate with Hmax and also with the maximum time 
interval between dispatches, and therefore the required storage 
capacity is:

W  ^ m a x  = 0 m a x = / ^ / / max [P ie C e]

time difference between production and consumption. The 
specific cost of the stock-keeping for the examined time period 
(one cycle) is (cv) [HUF/piece-time], the average period of 
stock-keeping is ( W =  Ятах + t sz) and the average stock level is 

(Q ), from which the stock-keeping (waiting) cost for one cycle is:

( 8) K v = c vW Q = c v( H m„ + t sl ) Q  [HUF],

The stock-keeping cost per unit time, if the length of the 
average cycle is H  :

(9 ) сЛНщ,+1, , ) =  = с.Л(Я. : +'») [HUF/time],

The waiting cost of one piece:

( 10) ■cv(Hm

Figure 1 demonstrates that the maximum stock level is identical 
at the points of order and dispatch.
The above mentioned four cost categories [rental (storage) 
costs, stock-keeping (waiting) costs, the costs of material 
handlings and the transport costs] are all related to the 
maximum stock level and the average waiting time. And then, 
the notations for average waiting time and maximum stock level 
can be converted by cost-conversion factors into cost per unit 
and cost per time dimensions.

Rental (storage) cost

The rental cost comprises the cost of storing space for the 
maximum stock level and the cost of tools necessary for 
handling the product. This cost is proportionate to the maximum 
stock level (5max). The value of the proportionate factor (ch) 
depends on the size of the quantity, the storing requirements and 
the rental fees. If the buildings and the tools are privately owned 
(not leased), then the costs of investment varies linearly with the 
sizes. Knowing the lifetime of the buildings and the fixed assets 
to be depreciated it is possible to calculate an equivalent rental 
cost, which is roughly proportionate to the maximum stock 
level.
The rental cost for one cycle, if cb [HUF/unit-time] was the 
specific of rental cost, H  the length of the average cycle and 
Smax the size of the storage space:

(5) K h =CbH  iSmax [HUF]

The rental cost for a time unit:

(6) к  = — = c S  = c O  = c  LiH  [HUF/time],
*~bi ^  max max max 1

The rental cost per piece number can also be calculated:

(7) K  = £ a = ™ax= H  [HUF/piece],bd ^  b max

It can be seen from the above relationships that the rental cost 
per time unit or piece number is proportionate to the maximum 
time interval between deliveries. Quite simply, if we order more 
rarely bigger quantities, then stock levels are larger, requiring 
larger storing space as well. This is one of the reasons why we 
try to keep stock level as low as possible.

Stock-keeping (waiting) cost

In formula (9) the specific waiting cost (c„) is multiplied by the 
piece number А (Ятах + /,.)  produced (consumed) during the 
average stock-keeping time (IT), while in formula (10) the 
specific waiting cost (cv) is multiplied by the time period 
elapsed between manufacture and consumption. The latter is the 
same as defined for average waiting time in (1).

Transport and loading costs

For analysing the transport and loading costs adequately, let us 
take an example. If we entrust a forwarding agent or a carrier 
with the organisation of the transports, then the transport cost 
for a given period will equal the total costs of individual 
transports. The most often used method for the settlement of 
individual transports is the so called hour-kilometre cost 
calculation, which is proportionate to the length of transport 
time and the distance.

(П) K szf = c, (v)l + c s (v)s [HUF]

where: c, is hour rate [HUF/hour], t is the time involved in rate 
calculation, cs is kilometre rate [FIUF/km], s is the distance 
[km] and v is the capacity of the vehicle [t], [piece], [m3].
The first member of (11) includes the costs of loading and 
unloading, the cost of wasted and waiting time in connection 
with the loading and the driver’s wage. The c, [HUF/hour], 
which is proportionate to transport time, is present in all 
transport costs irrespective of the cargo content and the 
distance. The coefficient of the second member (cs [HUF/km]), 
the so called kilometre rate, is the specific cost for a unit 
distance. This member covers all the costs proportionate to the 
distance, the vehicle performed (maintenance, repair, fuel).
Both c, and cs specific costs depend on the delivered quantity, 
more precisely on the vehicle capacity, which can be depicted 
with the following linear functions:

C, = C,0 + c <vv  and c .v = c ,o  + c „ v .

The constants in the equations are positive numbers, from 
which follows that the bigger the vehicle is, the larger the 
specific costs are. (In practice, freight rates are classified 
according to vehicle capacities and hour rates and the kilometre 
rates are added accordingly.)
Placing the functions into (11):

(12) Kszj =(c,o + c„v) * + (c,o + v)s [HUF].

The stock-keeping cost (also referred to as waiting cost) is in All variables (time, distance and mass) appear in the transport
connection with the delay of the product and it is based on the cost function that influences transportation.

75



The proportion between the average delivered quantity and the 
vehicle capacities determines the number of vehicles necessary:

V

from which v = juH In , and the length of time of a round is t = 
2tv (Figure I.). Replacing them into (12), the cost of a round is:

h H ,K slr — (c’i() + c ;v ) 2iK + (cs0 + csv ) s

„ „ p H  p H
■ 2ciutsz +cs0s+ 2 cNta У csvs

[HUF],

from which the cost of n rounds is:

(13)
= n (2 c J , z + C ^ )  +

+ 2 cJ S2/uH + csvs m H
[HUF],

Dividing each member of the equation by the average cycle 
time, the transport cost per time unit is:

(14) K S2I -  j j  -  (cio2tsz + c .v0 5) я  + [HUF/time], 

+ (2 c j s2 + csvs )p

Total cost

Changes in sub and total costs per unit time as a function o f 
ordered quantities

Knowing the sub costs we can predict the quantity to be ordered 
(6*) (Figure 2) that minimises the total cost, that is, we look for 
the extreme value of the function (17):

=  c b + c v -  (2c ,0t i2 +  c s0s ) ^ -  =  0 -
dQ Q

Dividing (13) by p  H  , which is the average moved quantity 
per cycle,: we arrive at the transport cost per unit quantity:

(15)
V t ", \ П
K !2d -  ~(c,o2 tsz + + [HUF/unit].

+ 2c,vi„  +CIV5

Results

from which

(18) n • _  +c„0s)
V ch + cv

or the optimal cycle time of ordering:

(19) H - = Q \  ^ ( 2c,ofz +c,0s j  
p  V M(cb+cv)

For further investigation let us look at the total of sub costs per 
unit time (rental, stock-keeping, transport and loading costs),

(16) K m = K bi +  K vi +  K szi

Replacing the results of (6), (9) and (14) the total cost is:

K o, + c vp ( H mllx + tS!) +

+ (2c,oL +Csos)-= + (2c J SI +csvs)p
n

For the sake of simplicity, let us assume that the length of 
cycles (length of time between two deliveries) and the quantity 
of product manufactured in one cycle are constant, that is

H  = H  =  H  , and thenmax

From the results of (17), (18) and (19) it is obvious that the 
economic lot-size and the optimal cycle time depend on the 
parameters of the sub costs and the proportions among them. It 
is also clear that zero stock could only be achieved, even in 
theory, if the transport cost was zero, which is impossible under 
normal business circumstances. Furthermore, stock level can be 
decreased when we can reduce the elements of transport costs in 
the counter of (18) and (19). However, it is not easy, as 
reduction of the freight sizes increases the number of transports 
(n) and in proportion with the number of transports it increases 
the length of transport and the length of time as well (the same 
route has to be done on more occasions), which according to 
(13) leads to an obvious cost increase. The question is to what 
extent the cost increase can be compensated by smaller vehicles' 
smaller constant costs.
The above calculations prove that the introduction of JIT needs 
a careful preparation with an accurate cost accounting.

Köl=cbp H  + cvp (H  + tsl) +

+ (2 c,0/„ + cs0s) ~  + (2 c j s: + c„s)p

After the H=Q!p replacement and organisation, the total cost 
per unit time is:

Koi =  (<A ta +  2cJ ,  +  c.„s)p +
(17)

+ (c4+ O Ö  + (2c,0í „  +ciUs ) t ~

Figure 2 depicts the (17) total cost function and the sub costs.
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OPERATION FEATURES OF PNEUMATICALLY 
CONTROLLED LINEAR CYLINDER IN THE WIEV 
OF ENERGY SAVING
Zs. Bartus -  L. Jánosi 
Szent István University, Gödöllő

Introduction

Nowadays the demand is increasing for both energy-saving 
technologies and products. Of course it is the same in the 
pneumatic technology; where it is even more important because 
the application of pneumatic system is very expensive.

Figure 1
The efficiency o f energy conversion in the field ofpneumatic 

operation

To prove the above mentioned we have to examine the energy 
conversion efficiency of pneumatic actuation. According to 
Fig.l. the energy conversion efficiency of pneumatic actuation 
is 17 %. To this we have to analyse the process of the 
energy conversion. Let’s see the composition of the energy 
efficiency of pneumatic actuation. We can determine the P/H 
which is the performance led into the compressor by the 
thermodinamic law. The performance of the compressed air 
coming out of the compressor is Pvl less. The pneumatic 
performance of airflow keeps decreasing Pr2 because of 
leaking during the flow. In the cylinder, which is the energy 
utilizer, Pv3 power loss will appear. We can see this in fig. 2. 
clearly described.

THE PERCENTAGES OF POWER LOSS

Ph useful
Pv3 power power

loss 17%
30% --------- - ИаЯНИ

к —---------  \

1  П  

. J Pv1 power
Pv2 power loss

loss 26%
27%

Figure 2
The percentages o f power loss

Analyse the percentage of components of energy drop. The Pv/ 
energy drop is the result of:
-  warming due to air compression
-  friction loss because of the moving elements of the 

compressor

Pv. P/nl + P.?l

P v| = 18 % + 8 % = 26 %

( 1 )

where:
-  P ml = 18 % because of warming

-  P s] = 8  % friction loss because of the moving elements of 
the cylinder

We can see this in fig. 3. clearly described.

Pv1 POWER LOSS
30%

17%

Ö Ph useful power □ Pv2 power loss ■ Pv3 power loss 
□ Pm1 power loss И Ps1 power loss

Figure 3
The percentages o f energy loss o f Pv/

The P v2 = 27%

The P v3 energy loss is the result of:

-  unexploitment of expansion and the back pressure
-  friction loss

P v3 = P e3 + P .v3 (2)

P v3 = 27 % + 3 % = 30 % 
where:

-  P e3 = 27 % (unexploitment of expansion and the back 
pressure)

-  P v3 = 3 % friction loss 

In diagram:

Pv3 POWER LOSS
26%

- i  m -
27%

3%■ '

17%
□ Ph useful power □ Pv1 power loss ■  Pv2 power loss
□ Pe3 power loss EJ Ps3 power loss

Consider P /n = 100 % :
Figure 4

A Pv3 ratio o f energy loss
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Total energy loss of energy conversion:

P vö =  P rl  +  P v2 + P v3 ( 3 )

P vö = 83 %

In the view of above mentioned the efficiency of pneumatic 
energy conversion:

P „ = P ,n - P v0 <4 >

Р л = 0,17% xP,„ 

from it:

n 0 = p / , / p ,„ (5)

n 0 = 0,17% 

where:
P h = useful power 

P j = input power

In fig. 5. the total percentages of energy loss are demonstrated.

POWER LOSS OF PNEUMATIC

Figure 5
Comparative discription o f pneumatic energy loss

In the view of the above mentioned it is expedient and justified 
to examine the operation features of pneumatically controlled 
linear cylinder in the point of energy saving. Fig.6. shows us 
the pressure ratios in the pneumatically controlled linear 
cylinder on the basis of laboratory test.

Operation features of pneumatically controlled linear cylinder

Fig.6. shows us clearly the changes of pressure values in 
cylinder chambers. In this case the direction of piston is „plus”. 
It comes up in the process of the examination of the diagram 
that if it is justified to operate the cylinder at the pressure of 6,3 
bar in the direction „minus”. If the cylinders do useful work for 
us only in the direction „plus” as it usually happens, it is 
expedient to operate the cylinders under 6,3 bar in the direction 
„minus”.

pressure, operating stroke

Figure 7
The result o f laboratory tests o f the cylinder operated with the 

inside-controlled valve

The role of this valve is to prevent the development of 6,3 bar. 
It is justified to do laboratory tests with the inside-controlled 
valve as well. (See fig.7.)
As we can see in fig.8. with the help of inside-controlled valve 
the pressure in the „minus” chamber of the cylinder will be less 
than 6,3 bar. In this case we can operate our cylinders in an 
energy-saving form because it is obvious that the used quantity 
of air will be less in this case.

‘ p i ,  p 2  ( b a r ) ,  s ( m )

t  ( s ec )
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Figure 8
The zones o f stroke with the inside-controlled valve

We can see in fig.8. that the cylinder cycle can be divided into 
phases as well.

-  starting zone

The starting zone is characterized by t 2 starting time.
The t i  starting time depends on:
-  geometry of pneumatic cylinder
-  both type and size of loading
-  set of speed control valves, in fact on the desired speed

At the switching of directional control valve in the „minus” 
chamber the pressure of p2 will be generally as high as p2i 
which is the nominal working pressure. In the chamber of 
"plus" the pi pressure is gradually decreasing, mainly because 
of the conductivity of restriction choke. The pi and p2 pressures 
act on both side of the piston. When the pressure difference is 
sufficiently large to overcome the starting friction of the 
cylinder and any external load, the cylinder starts. We can state 
that in the starting zone in unloaded case and at the nearly the 
same input and output conductivity, the decrease of pi far less 
than the growth of p2.The reason for this is that the volume of 
the chambers of the cylinder is not the same. So generally the 
starting time is determined by the change of time in ph We can 
see the percentages of the claim of time of each zone in fig. 9.

Figure 9
The percentages o f the claim o f time o f each zone

In fig. 10. we can see the length of time of starting zone plotted 
against the position of the regulating screw. According to fig. 
10. the position of the regulating screw does not have an 
adverse effect on the length of time of starting zone. So the 
operating data will not be worse. The avarage length of time of 
starting zone: 0,38 sec. This is 12 % from the whole time of the 
moving of the piston. So we can say that the length of time is 
significant which passes beetwen the beginning of air flow into 
the cylinder and the start of the piston. In this period the 
moment when the p, and p2 pressures turn into equal is also 
significant. It happens in the second third of the starting zone. 
At this moment the p2 pressure will be as big as the 80 % of 
the starting pressure.

0,45 
0,4 

0,35 
0,3 

Я  0.25
2Г 0.2

0,15 
0.1 

0,05 
0

0 2 4 6 8 10 12
position of regulating screw

1 ♦
........  " .... *.......... ! _ j

I

______ 1______
1

Figure 10
The length o f time of the starting zone plotted against the 

position o f the regulating screw

We must pay attention to the maximum pressure which is built 
up at the moment of the start of the piston at different positions 
of the regulating screw. We can see this function in Fig. 11. The 
character is linear to 7,5 revolution of the regulating screw then 
the character changes and the linear character returns. This 
charasteristic curve proves that the inside-controlled valve has 
hindered not only the filling of the cylinder at the end of the 
stroke but in a very favourable way it has an energy-saving 
effect at the formation of the starting pressure as contrasting 
with the charasteristic curve in Fig. 6 the six bar pressure will 
not be built up.
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Figure 11
The length o f time of the starting zone plotted against the 

position of the regulating screw

-  acceleration zone

In the „plus” chamber the pressure is decreasing due to the 
exhaustion and at the same time the pressure is increasing as a 
result of the start of the piston. This pressure is defined by p, 
on this side of the piston. In the „minus” chamber the pressure 
is increasing due to compressed air which is flowing into the 
chamber and at the same time the pressure is decreasing due to 
the movement of the piston. This pressure is defined by p2 on 
this side of the piston. So when pj is sufficiently low and at the 
same time p2 is fairly high and the pressure difference is 
sufficiently large the force will be able to accelerate the 
piston.The longer the cylinder is the greater the acceleration is. 
In case of most cylinders full speed is reached after 10-30 % of 
the cylinder stroke. This is 18 %  o f the whole time of the 
movement of the piston.

-  zone of steady moving

The zone of steady moving is characterized by t„„ time.
The tc„, time depends on:
-  type of load
-  bigness of load
-  frictional force
-  speed of piston
-  stroke of cylinder

Considering that the zone of steady moving mainly depends on 
the stroke of the cylinder so the position of the regulating screw 
has no effect on this zone.
In our case the value of speed is 4 m/sec.

-  zone of cushioning

When the piston reaches the cushioning bush the flow is forced 
over a throttle screw. As a result the pressure increases on the 
exhaust side of the cylinder and the movement is retarded.

-  zone of filling

After the piston stops without the inside-controlled valve the 
„minus” chamber will be filled up to 6,3 bar as you can see in 
Fig. 6. but with the application of inside-controlled valve this 
will not happen. So with the inside-controlled valve we can 
realize the energy-saving operation.
So with the inside-controlled valve we can realize the energy­
saving operation.
To analyse my laboratory test further I have to take the most 
important feature of inside-controlled valve into consideration 
with fig. 12. There is no doubt that the diagram can prove a very 
useful feature of inside-controlled valve which is the linear 
nature of the degree of energy-saving.

Energy-saving plotted against the position o f the regulating 
screw

Conclusion

The paper has investigated on the operation features of pneu­
matically controlled linear cylinder in the view of energy saving
1. In this paper the energy conversion efficiency of pneumatic 

actuation was determined.
2. It was proved that with the application of inside-controlled val­

ve we can reduce the air consumption of a pneumatic cylinder.
3. It was proved that due to the laboratory test we can 

determine the zones of cylinder cycle operated by the 
inside-controlled valve.

4. It is very important to discuss the energy-saving for pneu­
matic systems, because the energy-saving in industry is a 
world-wide problem related to the protection of the 
environment. [3]

Nomenclature

P/,, input power %
Pv/ power loss of compressor %
Pv2 power loss of air flow %
Pvi power loss of cylinder %
P-/ power loss bee. of warming %
P „ power loss bee. of friction %
Pej power loss bee. of unexploited of expansion and the

back pressure %
P 'rf power loss because of friction of cylinder %
P„ useful power %
Pvö total power loss %
H,i over-all efficiency %
p, exhaust side pressure Pa
Pr supply side pressure Pa
Tic switching zone s
Ti starting zone s
T«y acceleration zone s
lem zone of steady moving s
les zone of cushioning s
tf zone of filling s
t time s
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STUDIES ON THE DINAMICS OF TRUNK 
SHAKERS
E. Horváth
Szent István University, Faculty of Horticultural Science, 
Budapest

Calculation of vibrating masses

In an earlier study [1] the vibration of soil body around the tree 
trunk was measured. The measurement results have shown that 
the acceleration of soil body decreases exponentially as a 
function of radius measured horizontally from the centre of tree 
trunk. A new calculation method is established to calculate the 
reduced mass of the vibrating soil body around the tree trunk. 
Using a function of two variables (radius and depth) describing 
the acceleration distribution in the soil, the equivalent soil mass 
reduced to the soil surface is given by integration and the result is

= P
л  -o
3 Ы

( 1 )

where
P
z0
bn

soil density, kg/ m3
maximum depth of the vibrating soil body, m 
constant in the distribution function, 1/m

m = 1395 d'

where
d means the diameter of the trunk above the ground level, m.

The above relationship is related to an orchard of ten years age, 
the trunk height is appr. 1.5 m, the trunk diameter varies 
between 0.13 - 0.25 m, diameter of the crown is maximum 5 m 
and the maximum tree height is 4 m. The equivalent vibrating 
tree mass consists of the trunk mass and the mass of primary 
limbs moving together with the trunk. These primary limbs are 
some 45 % of the total crown mass.
Each point of a tree is moving with different velocity, therefore, 
the masses must be reduced to the attachment point using the 
energy conservation principle.

Motion of the tree

Field observations have shown that the tree is subjected to 
different motions such as lateral motion, tilting motion and 
elastic motion due to deformation. In the tree axis under the 
ground level there is a virtual centre of rotation of the tree trunk, 
which is a function of attachment point. In this point the 
acceleration is zero and towards the ground level the 
acceleration in the soil body linearly increases, Fig. 1 shows the 
new tree model and the possible motion components of the 
vibrating tree. If the attachment point is low then the tree 
motion is more lateral and the elastic deformation of the trunk is 
negligible. On the contrary, if the attachment height increases, 
the tilting motion and the elastic deformation also increase.
The total displacement at the attachment point consists of also 
three parts:

The total displacement can be calculated from acceleration 
measurements at the attachment point. The location of virtual 
centre of rotation can be constructed as shown in Fig. 2 
illustrating the total displacement as a function attachment 
height. It can also be calculated, using Fig. 1, by the following 
equation:

zc = h A i /  A2 (4)

Fig. 3 illustrate the soil mass (3), the soil plus canopy mass (2) 
and the total mass as a function of attachment height concerning 
a plum tree of 180 mm trunk diameter. It is to be seen that the 
main mass component is the soil mass especially at low 
attachment heights.
Internal forces are given by multiplication of displacement and 
spring constant. The total spring constant consists of three 
components connected in series

1/k = I/к/ + J/k2 +I/k3 (5)

where
k,
k2
k3

is the spring constant of the lateral motion, 
is the spring constant of the tilting motion, 
is the elastic spring constant of the tree trunk.

The entire mass of the tree crown (plum "Beszterce"), using 
measurement data, can be given by the following empirical 
equation

Using beam deflection theory, the elastic spring constant can 
easily calculated. The spring constants kj and k2, and the 
displacement components A, and A2, can be determined using 
experimental results.

(2) Determination of spring constants

The spring constant kj is characteristic for the vibrating soil 
body suffering horizontal periodic displacements. Pure parallel 
motion of the tree trunk occurs probably at zero attachment 
height. Actual measurement can not be carried out at zero 
attachment height, but the results obtained at low attachment 
height can be extrapolated to the ground level. The equilibrium 
of forces in horizontal direction at the ground level is

Fg = к/ A; - mr А/ со2,

and further

( 6)к sK\
A

where
F, is the excitation force,
m. is the total reduced mass at h = 0,
0) is the exciting frequency.

The elastic spring constant of the tree trunk will be calculated 
using beam deflection theory:

*3 =
3 d * * E

64h
(7)

where
d
E
h

is the diameter of the trunk without bark, 
is the modulus of elasticity, 
is the attachment height.

A — A i + A2 + A3 (3)

where
4/
A2
A3

is the displacement component of the lateral motion, 
is the component of tilting motion, 
is the elastic deformation of the trunk.

Using high attachment height (A = 1.1 m), the parallel motion of 
the trunk is small and using the obtained value of k,, Eq.(5) can 
be solved for k2. Naturally, the knowledge of the total spring 
constant к is also needed. This can be obtained from 
acceleration measurements, from which the total displacement 
is known. Similarly to Eq.(6), the total spring constant is given by
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к З + ' М * 2 (8)
А

The spring constant k2 is a function of attachment height. The 
external force Fg with the arm h is counterbalanced by a 
reaction moment M„ (Fig. 4), therefore, we may write

Fg (h + t)  = M0 a  (9)

The displacement of the tilting motion at the attachment point is

A2 = (h + t)  a  (10)

where
a  is the angle of tilting,
t is the hypothetical location o f reaction moment

under the ground level (generally taken as / = 0.1 m).

where
mg is the unbalanced mass,
r is the crank radius,
mr is the reduced mass of the tree.

In Eq. (15) the actual displacement is (r -A) because the 
unbalanced mass is moving opposite to the displacement of the 
tree.
Shaker mechanism with two unbalanced masses has a 
considerable housing mass attached to the tree trunk. Therefore, 
we should consider the sum of attached masses (mr + nth). The 
mass of housing is directly coupled to the attachment point, 
therefore, it needs no reduction.
Owing to the large additional mass, the shakers with two 
rotating masses are less sensitive to the variations in tree size 
and attachment height. This is also shown in Fig.6 illustrating 
other shaker mechanisms too.

Conclusions
Using the above equations, the spring constant k2 can be 
expressed as follows

2 A2 (h + t ) 2

The reaction moment Ma for a given fruit tree is constant and, 
using its value, the spring constant k2 can be calculated as a 
function of attachment height.
Fig. 5 shows the variation of spring constants as a function of 
attachment height. It can be concluded that the spring constants 
k2 and k3 considerably decreases, as the attachment height 
increases.

Experimental measurements carried out in plum orchards have 
shown that the root and a given soil mass is also part of the 
vibrating system. A new calculation method is given to 
determine the equivalent soil mass. A new tree model is 
established allowing different motions such as lateral, tilting 
and elastic deformation. The combined motion has a virtual 
centre of rotation lying under the ground level depending on the 
attachment height. The single motion components are 
dependent on their own spring constant. Based on experimental 
results, a calculation method is established to determine the 
spring constants for a given case. The results contribute to the 
better understanding of shaker dynamics and a more efficient 
use of shakers will be possible concerning energy requirement 
and fruit removal.

The displacement components of the motion

Knowing the spring constants, the displacement components 
can be calculated for arbitrary attachment height:

F. + m A со (12)II 94 4

F„ + m rA со1A -  *
2"

(13)

Fg +m rA to2 (14)
^  k.

Using the above equations, the calculated sum of displacements 
agree well with the measured total displacements as a function 
of attachment height. The results are depicted in Fig.6. It can be 
seen that for increasing attachment heights the displacement 
component A / decreases but A2 and A3 increase.

Equilibrium of horizontal forces

The equilibrium equation of horizontal forces for the different 
inertia-type tree shakers is slightly different. The slider-crank 
mechanism is governing by the following equation

mg (r  - A ) at2 = Fg = kA - mrA to2 (15)

The shaker mechanism with two unbalanced masses rotating in 
a housing with considerable own mass (mh) has the following 
equation

mg r _to2 — к A - ( mr + mh )  A со2 (16)
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Figure 1
Tree model showing different possible trunk motions
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Figure 2
Location o f centre o f rotation as a function o f attachment height

Attachment height, m

Figure 3
Total reduced mass and its components as a function o f 

attachment height

Figure 4
Equilibrium o f external and internal moments on a tree

Figure 5
Variation o f spring constants as a function attachment height

Figure 6
Displacement and its components as a function attachment height 

1 slider-crank mechanism, 2 shaker with two rotating masses, 3 shaker with multidirectional shake
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INCREASING THE RAW MATERIAL BASIS OF 
BIO-BRIQUETTE PRODUCTION BY USING NEW 
MATERIALS
B. Marosvölgyi -  D.l. A. Vityi -  R. Ivelics -  L. Szűcs 
Szabó
University of West Hungary, Sopron

Preliminary

Because of the increasing price of energy and the role of 
environmental protection in the future, the importance of 
production and utilization of biofuels - which are 
environmentally friend and have favourable material and 
energetic attributes at the same time - keeps getting larger. One 
of these energy sources is biobriquette, which made by 
compression of lignocelluloses.
Concerning the enviromentally-ffiend biobriquettes:
-  the product is made only from pure and natural 

lignocellulose,
-  no surplus foreign materials are used during the processing 

period
-  the final product is thanks to the large compression, the high 

temperature and partly the effect of polimerization of 
hemicelluloses.

Thanks to its environmentally advantages, EU is going to 
double the share of renewables in the member states (1999: 7,2 
%; 2015: 12,5 %). In some Western European country there is a 
great interest in bio-briquette. The increasing demands are 
satisfied partly by Central-Eastern-European import.

Bio-briquette production in Harka

Although domestic demand has already appeared and there are 
serious export possibilities there are just few operating bio­
briquette plants in Hungary. However the increasing demands 
cannot be satisfied now because of the lack of basic material 
and productive capacity.
The productive capacity can be icreased at will, but the basic 
material basis -  sawdust and shavings from the conversion of 
timber — is limited. Expansion of the basis is not to be expected 
as the raw materials (by-products) are more frequently used by 
the wood-working firms for energy purposes. Thus experiments 
on the possibility of expanding the lignocellulose raw material 
basis are needed.
With the help of the Hungarian Ministry of Education and in co­
operation with the University of West Hungary a bio-briquette 
plant has been established in Harka owned by Bio-Brikett Ltd, 
partly for experimental purpose, partly for profit-orientated 
industrial unit.
This plant produces export-quality bio-briquette in accordance with 
EU standards (with 1-1,2 kg/dm3 density, cylindriform, 75 mm 
diameter, 200 mm length, more information are in Table 1.).

Earlier the plant had a low-capacity machine (approx. 150 
kg/h), which produced marketable briquette from wood chips 
and sawdust. As a result of a successful application the factory 
technologically has been significantly developed. Thus their 
capacity could be estimated five times bigger (800 kg/h) now 
than before. Thanks to the operation of the new machine, 
production has become more economical and new raw materials 
can be used for the press-head of the machine is variable. 
Besides producing bio-briquettes from wood we make 
experiments on the possibility of expanding the raw material 
basis by producing and testing bio-briquettes made from:
-  wastes from sawing industry
-  wastes from the cutting areas
-  raw materials from energy plantations
-  and soft-stalked energy plants.

Results and conclusions

• In the case of wood wastes from sawing industry it is 
obviously unavoidable to dry the raw material because of its 
variable moisture content. Dehydration of the raw materials is 
an energy-intensive process, and can be profitable only in case 
of relatively great scale (lmj„ = 1,5 t/h). Thus a briquette-plant 
with this kind of technology and less than 2000 t final product 
per year is probably not profitable between recent economic 
conditions.
Utilization of lumpy wood waste was a special problem. This 
kind of raw material has to be cut by a special chopping- 
machine before briquettizing. During chopping and briquet- 
tizing of bark, the machines have been significantly amortized. 
The specific power consumption was also high, 200 kWh/t or 
more.
• In case of wastes from the cutting areas it was proved that 
bio-briquette production is not economical, as wood chips made 
from this kind of raw material are expensive and polluted, as 
well as the unavoidable costs of gathering and drying and of 
bigger amortization of machines are high.
• Dendromass from energy plantations has the smallest 
amount of pollution material and may be economically viable to 
process it, for the harvesting machine chopped wood directly 
into chips. In this case a special pressing machine should be 
applied (which can produce bio-briquette by using greater chips 
than commonly as well) and the raw material must be stored in 
a dry place for a long time so that its moisture content reduces 
below 20%, in natural conditions. To process raw material with 
the original volume of moisture content (having at the moment 
of harvesting) a specific pressing machine is needed. In this 
case the power input can be more than 400 kWh/t. Briquettizing 
of raw materials from energy plantation can be profitable if this 
kind of plantations would become common and energy 
plantation and biobriquette factory would operate within the 
same enterprise.
• Bio-briquette from energy plants is a new field of research.

Table 1 Attributes of the briquettes made o f wood and the one made in Harka

Characteristics Characteristics of the bio-briquette made 
from wood

Characteristics of the bio- briquette in 
Harka

Density (g/cmJ) 1ooо

0,9- 1,2
Water content (%) 5-15, 7
Ash content (%) 0,5-2 1,5-3
Fuel value (MJ/kg,) 17-19 18-19
Power density (MJ/dnr1) 20-25 20-25
Abrasion factor (%) 2 -7 2
Power requirement (kWh/t) 90-120 96
Storable for 1-2 months in dry place, for 4 weeks in humid conditions.
Energy content of 1 kg briquette from wood equals with 0,5 kg oil. 
S02 emission is negligible.
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Table 2

Raw material Density Bulk density of the Water Abrasion factor Ash content Fuel value
raw materials content

(kg/cm3) (kg/cm3) (%) (%) (%) (MJ/kg,)
Poplar 1,06-1,11 0,182-0,188 10-12 <1 2,0-2,3 17,8

Chinese reed 1,06-1,30 0,152-0,154 6-10 0,4-1,9 2,8-3,8 16,8
Energy hemp <1 0,110-0,136 10-12 40 6,7-7,0 16,1
Energy grass 1,28-1,31 0,180-0,190 6-8 0,1-1 4,0-4,3 16,6

There are two main subjects of these investigations:
-  process of highly productive (15-20 t/ha/year) soft stalked 

energy plants (miscanthus, hemp, reed-grass).
-  production of bio-briquette from the mix of the pure chips of 

these energy plants and of sawdust in order to expand the 
raw material basis.

Using the mixed material we got bio-briquettes with the 
required level of stability, density but relatively high ash 
content. The combustive characteristics were also proper, 
although the velocity of gasification -  which is the precondition 
of ignition -  is lower.

Briquettes made from energy plants alone had a reduced 
stability, restrained ignition and the ash content was much more 
than of the wood (table 2.). By burning this kind of bio­
briquette some volatile oil appeared, odoured special smell. 
Analysis of more detailed heating characteristics of these 
briquettes have to be done in the future.
In the case of proper heating features, the raw material basis of 
the bio-briquette production can be enlarged.
Nowadays there is a market demand for quality bio-briquette 
made from other agricultural or industrial waste plants. Yet, the 
expansion of the market and the possibility of direct sale will 
hike the demand of raw material basis of bio-briquette after the 
EU enlargement.

85



QFD METHOD ADOPTION TO SELECT SOIL 
TILLAGE SYSTEMS
M. Birkás1 -  L. Csík2 
1 Szent István University, Gödöllő 
2MEZŐGÉP Ltd.

Aim of the research

The requirements in soil tillage have any differences under eras 
and fulfilment of the demands depends on the arable site, tools 
and expertness. From the tillage tools and systems are 
considered in the tillage season, the most suitable variant is to 
be selected to fulfil the requirements entirely.

Material and method

The QFD method can be adopted to select the most suitable soil 
tillage system. The QFD, as the Quality Function Deployment 
in the quality activity to determine the production and/or service 
development tendencies numerically according to customer 
demands [1]. This graphical method is cited in the literature 
with a matrix form or with the “House of Quality”. In this paper 
the basic matrix form is applied. Requirements are listed on the 
left side of the scheme weighting between 1-10 points 
corresponding of their importance, while on the right side the 
possible methods or tools are indicated:

WHAT W eighting of the HOW
(aims, requirements (methods, tools for realization)

requirements) (1-10) possible variants

Values of the matrix are assumed between 0-3 depending on the 
conformity of the methods. Interpretation of the correlation: 
0=zero; l=weak; 2=medium; 3=strong conformity. The most 
suitable method can be selected according to the product value 
which is obtained if the weight number was multiplied with the 
correlation index. We suggest the QFD method adoption to soil 
tillage practice. In this paper tillage systems are selected by the 
simplified, two-stepped QFD analysis according to fulfilling of 
the requirements. In the Is1 step 7 tillage systems are examined 
with four principal factors -  yield assurance, cost saving, 
environment conservation and surface aesthetics -  and systems 
are ranked by their conformity. The alternatives of the most 
conform system are to evaluate in the 2nd phase with 
supplementary factors to raise the most suitable variant. The 3rd 
step may be selection of the tillage tools.

Results

Adaptability of the QFD method is presented through 2 
examples [2,3]. The first analysis concerns the tillage goals can 
be fulfilled at the present situation [Table 1, 2], while the 
second probe sounds to accomplish the future requirements 
[Table 3,4].

Tillage requirements at present situation

Most important demands of soil tillage are to maintain the yield 
assurance (or optimal yield level) and to save the costs. In a con­
ventional view the surface aesthetics (clean surface, no residues) 
is more acceptable than the environment conservation. Therefo­
re the weighting of tillage requirements followed these stand­
points. Ranks of the tillage systems were: improved ploughing 
>mid-deep loosening>disking>conventional ploughing>heavy- 
duty cultivator use>till-plant>direct drilling. The improved 
ploughing system (use reversible plough combined with surface 
preparation element and then seed-bed preparation and plant) is 
ranked the 1st, since the tillage requirements are fully realized 
by this way. The mid-deep loosening is ranked to 2nd and it 
fulfils the demands very well. The improvement of soil 
condition in the root zone is necessary, but the practice handles 
this question secondarily. The disking system (3rd) is used com­
monly, though the regular applying shows risk. Farmers prefer 
the conventional ploughing (use on land plough and 2-3 secon­
dary traffics) to other systems in spite of the risk which is per­
forms in the ranking (4th) too. New systems, such as cultivator 
use, till-plant and direct drilling are undervalued by the conven­
tional farmers [Table 1]. The next step is to analyse the impro­
ved ploughing system [Table 2]. The question, which tillage pro­
cesses can be used to fulfil the requirements with the less risk. 
Four examples, originated from the practice were evaluated:
1: stubble stripping with disk -  ploughing (reversible tool) and 
surface preparation — seedbed preparation -  plant -  press (5 
passes).
2: stubble stripping with cultivator -  ploughing (reversible tool) 
-  clod breaking -  seedbed preparation — plant and press (5 
passes).
3: stubble stripping with cultivator -  ploughing (reversible tool) 
and surface preparation -  seedbed preparation and plant (3 
passes).
4: stubble stripping with cultivator -  ploughing (reversible 
plough with subsoiler shank) and clod breaking -  seedbed 
preparation and plant (3 passes).

Table / Performing o f the soil tillage requirements at present _____________________________________
[Correlation: 0 no; 1 weak; 2 medium; 3 strong!

Principal 
requirements 
of soil tillage

Weighting
of

requirements
(1-10)

Soil tillage variants

Co
nv

en
tio

na
l

pl
ou

gh
in

g

Im
pr

ov
ed

 p
lo

ug
hi

ng

D
isk

in
g

M
id

-d
ee

p 
lo

os
en

in
g 

us
e

H
ea

vy
-d

ut
y 

cu
lti

va
to

r 
us

e

Ti
ll-

pl
an

t

D
ire

ct
 d

ril
lin

g

Yield assurance 10 3 3 2 3 2 1 1
Cost saving 8 1 2 3 2 2 2 2
Surface-aesthetics 6 3 3 2 2 1 2 0
Environment conservation 4 0 2 2 2 3 2 1
Total points 56 72 64 66 54 46 30
Rank 4. 1. 3. 2. 5. 6. 7.
% 14.4 18.6 16.5 17.0 13.9 11.9 7.7
Acceptable [> 15%] X X X

Next examination *
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Table 2 Alternatives in an improved ploughing system

[Correlation: 0 no; 1 weak; 2 medium; 3 strong!

Evaluation standpoints 
(tillage requirements)

Weighting of requirements 
(1-10)

Tillage variants
1. 2. 3. 4.

Optimal yield level 10 I 2 2 3
Well-managed operations 9 3 1 1 1
Less residue on the surface 8 3 3 3 3
Less moisture loss 6 0 2 3 2
Less tillage faults 5 0 2 3 3
Total points 61 75 86 90
Rank 4. 3. 2. 1.
% 19.6 24.0 27.6 28.8
Acceptable [> 25%1 X X

Examination can be continued Ф

In the evaluation procedure two main factors were indicated, 
namely the level of the yield and the harmony between 
operations. Other requirements concern minimal stubble 
residues on the soil surface and cause less tillage faults and soil 
moisture loss. Weighting of the factors were followed the way 
of thinking at the present situation. From the four variants are 
reasonable two (3rd and 4th), if the yields were reached with 
minimal moisture loss and with the least risk. Seedbed 
preparation and plant are used in the same pass in both two 
variants. The best is the 4th variant by the use of the reversible 
plough combined with subsoiler shank to alleviate soil 
compaction status in the root zone. Other systems (1st- 2nd) fulfil 
the tillage requirements with more passes, when the risk is fairly 
greater and those are not reasonable at the present economical 
circumstances.

Tillage requirements in the future

In near future environment conservation that will be the 
principal requirement of soil tillage. Hereby, the yield assurance 
can be reached and maintained on soils tilled with less harms 
and costs. The soil surface aesthetics will be considered by the 
level of conservation. QFD analysis follows the same tillage 
systems like in Table 1. However, the principal requirements 
are modified according to the new challenges [Table 3]. The 
rank reflects the level of the soil, moisture and energy 
conservation: heavy-duty cultivator use>mid-deep loosening>

Table 3 Performing o f the soil tillage requirements in the future

till-plant>direct drilling>improved ploughing>disking> conven­
tional ploughing. Expectations in soil and environment 
conservation can be fulfilled entirely by the use of cultivatoring 
system. Mid-deep loosening is ranked the 2nd, since it decreases 
tillage induced subsoil compaction and improves the yield 
assurance. Soil conservation requirements are fulfilled by 
means of the till-plant and direct drilling systems with great 
probability. The improved ploughing system (5th) can be used 
with less risk generally, comparing to the disking system (6th). 
Conventional ploughing has minimum value in the rank, 
because it is unsuitable for soil conservation.
The next phase is to select the best variant from the heavy-duty 
cultivator systems on the basis of the new qualification 
requirements, that is: less tillage faults and costs, minimal water 
loss and mulching and after all less production risk [Table 4]. 
The possible tillage processes are as follows:
1: stubble stripping with disk — weed control with disk -  
primary tillage with cultivator -  surface preparation -  plant and 
press (5 passes).
2: stubble stripping with disk — weed control with cultivator -  
primary tillage with cultivator -  seedbed preparation and plant 
(4 passes).
3: stubble stripping with cultivator -  weed control with 
cultivator -  primary tillage with cultivator -  seedbed prepara­
tion and plant (4 passes).
4: stubble stripping with cultivator — primary tillage with 
cultivator — seedbed preparation and plant (3 passes).

[Correlation: 0 no; 1 weak: 2 medium: 3 strong!

Principal 
requirements 
of soil tillage

Weighting
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Soi tillage variants
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Environment conservation 10 0 2 1 3 3 3 3
Optimal yield level 8 1 2 2 3 2 2 2
Cost saving 8 0 2 2 2 3 3 3
Surface aesthetics 4 1 3 2 2 3 1 0
Total points 12 64 50 78 82 74 70
Rank 7 5 6 2 1 3 4
% 2.8 14.9 11.6 18.1 19.1 17.2 16.3
Acceptable [> I5%1 X X X X X

Next examination
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ICorrelation: 0 no; 1 weak; 2 medium; 3 strong]
Table 4 Alternatives in a heavy-duty cultivator using system

Evaluation standpoints 
(tillage requirements)

Weighting of 
requirements (1-10)

Tillage variants
1. 2. 3. 4.

Less tillage faults 10 1 1 2 3
Less tillage costs 10 0 2 2 3
Less moisture loss 9 1 2 2 3
Less production risk 9 1 2 3 2
Mulching on the surface 8 2 2 3 3
Total points 44 82 109 129
Rank 4. 3. 2. 1.
% 12.1 22.5 30.0 35.4
Acceptable [> 25%| X X

Examination can be continued

Some of the variants give agronomical and environmental 
advantages including less tillage faults and moisture loss with 
less production risks by means of the less traffic (3rd, 4th). 
Seedbed preparation and plant in the same traffic results not 
only minimal compaction harm but less costs, as well. The 
disking may apply on stubbles covering with weeds, however, 
soil structure deteriorates (dust formation) during the procedure. 
In the environmental viewpoint less tillage procedure results 
less tillage harms, although the less is never the same under 
different soil condition.
This study is the first step to adopt the QFD method in soil 
tillage relation [Table 5].

Evaluation of the results and conclusions

A simplified, two-phased QFD method was adapted to rank soil 
tillage systems. In the 1st phase 7 systems were selected, while 
in the 2nd, 4 variants came to examine. The fulfilment of the 
tillage requirements were evaluated in two periods, as the first 
concerns to the present situation, while the second sounds to the 
future one. The most important conclusions concerning to the 
present tillage situation, are as follows:
1. In the Iм phase the fulfilment of 4 main tillage requirements 
were examined: yield assurance, cost saving, environment 
conservation and surface aesthetics. These factors and their 
weighting reflect that conventional thinking which quite 
influences the tillage practice now. Although the improved 
ploughing system has not wide-spread yet, it ranked the Ist, 
since the tillage requirements are fully realized.
2. The alternatives of the most conform system was evaluate in 
the 2nd step with 5 supplementary factors, that is optimal yield 
level, manageable operations, less residue on the surface, less 
moisture loss and minimal tillage harm. Most advantages were 
realized by the use of reversible plough combined with 
subsoiler shank and when the seedbed preparation and plant

operated in the same traffic.
Essential points connected with realization of tillage demands in 
the future:
1. In the Ist phase, in harmony of soil conservation, four 
requirements were evaluated how are realized by 7 different 
tillage systems. The high environmental sound expectation was 
realized by the cultivatoring system.
2. In the 2nd step to select the best variant was carried out by the 
fulfilment level of new qualification requirements, that is: less 
tillage faults and costs, minimal water loss and mulching and 
after all less production risk. In this reason the soil structure and 
moisture conservation by minimal traffic gave the greatest 
advantage.
Others:
1. It helps to farming practice to select the most suitable tillage 
system in any arable site and economical circumstances.
2. Results of the QFD analysis can be adapted at producing 
firms. They are informed on the new tillage trends, which give 
instructions to the machine development. In the 3rd phase the 
type of the tillage tool may also be indicated. This analytical 
work can also be used by the trading firms in accommodation to 
the market demands.
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Table 5 Possible phases in QFD analysis

Possible phases in QFD analysis Specialists
1. on the basis of conformity to main tillage requirements to select the most suitable from the possible tillage 
systems

Soil tillage 
researchers 

and
farmers

ft
2. to select the best variant of possible processes by fulfilling of supplementary (e.g. environmental) requirements

ft
3. to select the most suitable tillage tool to the given soil condition from the possible ones

ft
4. to determine the tillage tool construction trend (if not available)

Designers, 
producers and 

merchants

ft
5. to select the machine unite construction trend

ft
6. to select the best production process
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where p (C, is the specific heat capacity of the cell, V is the cell-
volume, Pm is the metabolic heat-power. The Iq heat-current contains 
a metabolic and an electric term:
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Processed Plant Structures” research group of Hungarian 
Academy of Sciences.

where I = -P  « const., so т _ n r v  _  •ят m 1q0- P i civ_^"

Hence the heat-current density is

Introduction

Electrosmog is the convergence of non-ionizing electromagnetic 
radiation, which, from the lowest frequencies (and electrostatic 
fields) to the highest, (up to the ionizing threshold) surrounds us 
and, coming either from natural or artificial sources, bathes us 
in a stream of radiation, which we not only live with, but have 
become accustomed to. At the top of the spectrum is just under 
the domain of ultra-violet light, while the bottom could be even 
the static field. Electrosmog is too weak to produce any sort of 
ions or ionizing effect within the living organisms, their effects 
being manifested in other ways. Electrosmog falls within the 
non-ionizing domain yet, with its disruptive effects on the 
body's functions, it poses a new challenge in the on-going 
history of environmental pollution [1], [2]. While this sort of 
environmental pollution is imperceptible to biological systems, 
those interactions are still capable of disrupting those systems’ 
internal orders and coherent, metabolic processes [3], [4].
The effects of electrosmog can be, in essence, divided into two 
fundamentally different categories: passive electrosmog effects 
(acting on the nutrition which cold be incorporated by other 
living objects like humans and/or animals) and active 
electrosmog effects (effective directly to the actual living object 
e.g. human body). The theoretical foundations of the field were 
centering on the noise effects on the biological objects, [5], 
[6], [7].

Heat effects of the electromagnetic field

A fundamental effect is the heating by the energy absorption from 
the electrosmog radiation. The main energy delivery is measured by 
the SAR (Specific Absorption Rate) value in every case. The 
absorbed energy-density (pw) of the electromagnetic radiation is [8]:

1 , 1  ,
Pw =  2 e°£-E  + 2 ^ ' H

where
s0 = [(Збя-)”1 -КГ9] and ц 0 = [(4ti )  - 10 7 j are the absolute, er
and Pr are the relative magnetic permeability and relative 
permittivity of the given media, respectively.
Microscopically, the simplest model of a multi-cellular system (e.g. 
living tissue) may be described as a set of various electrolytes 
encapsulated in highly polarized thin films (various membranes), 
and the whole system is arranged in a special aqueous electrolyte 
(extracellular matrix, ECM), a media for the social signals and 
metabolic material-exchange. The cell-membrane thickness ranges 
between 4-^10 nm, and its potential ranges roughly between 70 + 90 
mV. The membrane capacity is enormously large: 10s F/m2. This 
structure forms in relatively low frequencies a good barrier for the 
electric field penetration into the cell. The capacitive forced electric 
field generation provides dominantly the direct heating up of the 
ECM [9]. In this case the cytoplasm is heated by a heat-flow through 
the cell membrane. The actual energy balance on the membrane is:

p.c,V—  = 1 +Pm 
1 1 dt 4 m

VdT
Jqc M, ' A

where A is the surface area of the cell. Its numerical value at 1 K/s
W

heating rate equals Jqc = '  40 —j  > which is significant. The

temperature difference between the two sides of cell-membrane can

be calculated by the expression AT = ^  “ 0-007K . Consequently,
the actual gradient on the 7 nm thick membrane amounts to 106 K/m, 
which is a remarkable large value! It is well above the natural heat-

w
flow induced by metabolism, which is only Jq̂cii = 1 • 5 • 10 ■ —y

causing negligible (AT s  7.5 • 10-8 К ) temperature difference at the 
cell membrane.
However, the energy-absorption heating can not be the only 
effect of the environmental electrosmog. Good example of the 
non-thermal effects of non-ionizing electromagnetic radiation 
for living objects, that the electric field itself (without gain the 
temperature [10]) has long ago recognized [11] advantages to 
treat humans.

Electrosmog effects in agriculture

The 400 kV/50 Hz power line generated electrosmog effect on 
the plough-land-plants and give a hint for the practical 
applications. The studied plant-material samples are collected in 
statistically significant number by gradient method from the 
fields for the appropriate investigations. Effects of the changing 
electromagnetic fields were evaluated on by the application 
value of the final product. Investigations till now are not 
satisfactorily enough to establish significant connection between 
the electromagnetic effects of the actual power-line or the other 
electromagnetic sources (telecommunication antennas, relay- 
systems, radar- and orientation systems, etc.), and the 
physiology parameters of the plants, but the laboratory results 
give presumptive evidence for the effect. The primary and direct 
electromagnetic effect on the agrestial plant cultures is expected 
at the high-voltage power lines crossing the plough-land, (low- 
frequency fields, 50/60 Hz).
The more than 100 years observations note positive effects. The 
first scientific observation was in 1903 by Ewart [12]. He 
described the protoplasm deceleration, slowing-down or many 
times stopped movements Valisneria and Chara in magnetric 
fields Similar observations were made in the repeated 
experiments, as well as the accelerated root-development and 
the membrane water-permeability of plant-cells also were 
described [12]. The systemic research was started only about 30 
years ago. The magnetic field increased the yield of the tomato 
and promotes its maturation, gained the root-development of rye 
and wheat, and booted the germination of wheat and maize [12]. 
The so called magnetic tropism was also described: the growth 
of roots were directed to the magnetic field at com, oat, lettuce 
and sunflower [12].
The electromagnetic stimulus is frequently used [13], but these 
effects are more hypothetic and historic as would be accepted in 
the scientific community. One of the most serious investigation

89



[14] studied 74 various plants showing, that the not sharp parts 
of the plants were not hurted even by 52 kV/m electric field, 
however the sharp details or edges start to be damaged at 25 
kV/m field strength. In the 2m heights the fields in the argestial 
areas were not over 8, 12 és 16 kV/m field strength at 345, 735 
and 1500 kV-power-lines, respectively. Consequently the 
electromagnetic effects on the agrestial plants could not be 
risky.
The observations were orienting the research on the plant 
metabolism/catabolism and on the bating of seeds [15]. About 
20 years ago the investigations of the high-voltage power-line 
effects were expanded to a wide area, including the humans and 
the molecular and genetic effects o f any living objects. [16], 
[17]. Due to the extended research, among the actual conditions 
and accuracy negative effects were not observed [18], [19], 
[20], [21]; only a small gain in the ionic-exchange (K, Ca and P) 
was shown [22]. The electromagnetic effects accompanied with 
irrigation were positive on the vegetation [23] [24]; and 
furthermore the increased efficacy of herbicides also was 
described [25].
The effect of the high-voltage power-lines had no observed 
effect on the ecologic system in agriculture, but the sensitivity 
of the plants on the electromagnetism varies [26]. The seed 
stimulation looks one of the most applied and understood 
phenomena of the field [27] [28] [29]. In some cases the 
electromagnetism has a transfer-promotion for H+-ATPase and 
Na+-K+-ATPase, but its mechanism is far from clear yet [30] 
[31]. It looks sure, that the chain of electron-transport is 
sensitive for magnetic fields, [32].

Power-line effect on the plough-land-plants

We had studied a 400 kV power-line, crossing the plough-land 
[33]. The geometry of the arrangement is shown on the figures 
below. Each cables (R,S,T phases) carry 500-650 A with 350- 
450 MW effective power. The maximal electric field strength is 
7kV/m in the path of the line. The maximal magnetic field was 
6-8 pT.

1.2,3 sampling places 

3 .220 m 2  1.1. 4 2  M U 2  №

20 m
H A T  p o w e r 'СйЫ е* R S

t  ¥  t
P o w er-lin e  c a b le -p a th

Figure 1

Sampling
place

number

water-
content

СИ)

protein
content

m

phosphor
(%)

potassium
(%)

1 12.6 119 0.530 0.403
2 12.3 118 0.530 0.400
3 12.3 13.5 0.590 0.424

A wheat (named “buzogány”) was measured. The seeding was 
at October 19, 2001, while the harvest was in July 3, 2002. The 
yield had no any change in the line area by visual observation. 
The sampling was made at the areas numbered 1-3 in the figure. 
The measured parameters are summarized in the table. The error 
did not differ from the standard one. Compared to the control 
(far away from the line) the water- and potassium contents had 
no changes, but the protein and phosphorous content were 
significantly different.

It is important to take attention to the non-direct electro­
magnetic effects of the power-line. Detailed investigations 
prove [34], that the dust enriched around the high-voltage power 
lines absorbs the natural radon emitted from the ground. This 
natural radioactive source has a nuclear fission, (first of all the 
Po 214 isotopes are generated), which long-half-life period 
elements could be incorporated by the vegetation and could 
enriched in the human food-chain, or directly could be breathed. 
An other modifying factor of the power-lines is the intensive 
special bird-life. The bird-cast could have an observable effect 
on the plants under the lines.

Seed-stimulation with electric field

Seeds sown into the soil do not germinate optimally: many of them 
are enable to germinate, some of them has more germen. The loss of 
seeds makes the crop unstable, while the multi-germinating 
degenerates the vegetation, so both of these make the actual arable 
incalculable. Surplus seeds to reach the normal plant-density can 
result in suboptimal arrangement, which can lower the success of the 
harvest. Physical treatments can modify the water-permeability of 
the seed-coat and the inner membranes, and can rearrange the water 
distribution within the seed.
Our goal was to use electromagnetic stimulation to increase 
seed germination and stabilize the germination properties. We 
studied how the electromagnetic stimulation affects the 
germination success and can exploit to improve seed 
germination properties resulting in higher quality, more reliable 
seed stock.
The water-permeability of the seed-coat is the primary 
determinant of a seed’s germination-power, and can also 
influence germ vitality and the eventual green-mass of the plant 
[35], [36]. The hard-grain ratio of the seed-mass affects 
germination stability and thus methods for its elimination have 
been devised [36]. Unfortunately, these methods are typically 
difficult to control and consume too much energy to be 
practical. Well controlled glow-discharge, however, can solve 
both of these problems. (1) Glow-discharge increases seed 
respiration by delivering high oxygen concentration to the seed, 
(2) it mechanically creates micro-channels to promote water 
intake of the seeds through the seed-coat, and (3) it supports 
electro-osmotic transport processes, thus enhancing water-
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transport through the internal membranes, (4) changes the 
hydrogen-bridge clustering in the electrolytes of the seed to 
lower its surface tension and promote the membrane 
permeability, (5) changes the enzymatic processes promote the 
proper germination. We worked out a theory for all of the 
described factors.
A spark-discharge is used to create micro-channels through the 
seed-coat. The applied voltage on the brush electrode was 15- 
40 kV, at a frequency of 10-500 Hz, with a negative half-period 
of 0.2-1.5 ms. A vibrating mechanism supplies the seeds to a 
conveyor belt, which delivers the seeds to a needle-brush 
electrode system, where the conveyor belt itself serves as the 
counter electrode. A container then collects the treated seeds. 
Treatments of various seeds were carried out. The treatment 
time (effective time in the glow-discharge plasma) was varied, 
and in most cases a definite optimum was found in between 5- 
15 s. Some results are summarized in table shown.

Name of seeds
Germination of seeds 

[%]
control stimulated

Allium сера 77 86
Carthamus tinctorius 26 68

Triticum spp. 80 96
Hordeum vulgare 75 95

Sorghum sudanense 85 93
Nicotiana tabacum 22 40

Seed-stimulation with magnetic field

Water state is defined by hydrogen-bridge density (clustering) 
and therefore surface tension and self-diffusion. Water clusters 
(hydrogen-bonds) are quantum-mechanical objects, which could 
be described with the actual Hamiltonian, containing the scalar 
and vector potential of the external electromagnetic field. 
Water-states can be modified by a well chosen magnetic field 
(vector potential). The water polarization depends on the 
external electric field and its waveform.
A magnetic field was applied to various seeds moving through a 
solenoid (Figure 2/1). The coil was supplied by a spark- 
discharge (Figure 2/4) and electronics (Figure 2/2,3,5) with a 
collector and transport system (Figure 2/6,7,8,9) controlled by 
computer. A bifilar coil (curl-free vector-potential without a 
measurable magnetic field) was also applied during certain 
experiments to assess quantum-mechanical effects. The
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